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_j At the very beginning of the combat use of aviation, nee was made of special 
heavy steel feathered arrows and ballets, which were dropped on heavy troop and 
cavalry concentrations, ao well as on the enemy's lighter-than-air craft and air- 
^Jplanee. 

_J The use of Rich devices in fighting the aerostats and airplanes of the e nemy 
ZV as responsible for shaping aerial tactics. The advantage of altitude was always 
^required, and the errors and bullets were released frees Above while passing over 
the target* 

In the Russian air force, extensive use was made of 7. A. Slesarev* a "flyin g 
_ bullets"; V. A. Slesarev was the designer and builder of the heavy airplane 
"Svyatogor". He designed special cells which allowed the alternate release of 
bullets and arrows* Also widely used at the time were the bullet-releasing devices 
of the engineer Kolpakov-Miroshnichenko. 

This type of aerial weapon was effective to a degree when used against ground 
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^personnel and aerostats, but was quite ineffective in action against enemy planes* 
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Chapter VI 


EFFECT CT ACTUAL SPEED ON PROJECTILE 
TRAJECTORY 


j Relative and Absolute Initial Velocitiea of Projectile. The Triangle of 


j Velooitiee 


It has happened to everyone to throw a one relatively heavy object fro* the 
1 6 window of a fast Heaving train or autcaobile. 

t _ j You cannot help noticing that the object keeps falling alongside of yon 
iO__j until it reaches the ground. This sea no that the train or car have imparted to It 
— their cwn velocity, and that, after yon have released it, the object continues to 
p ! * 1 / ^ 1 1 ' 7 to travel at this velocity in the direction of 

— j | % - - •> ! . _ your cern motion, while falling dosrxsrard because 

f! : ;l 7^ 

\\ ! 1 1 ; ; y 1 [I of the pull of gravity. The relative velocity 

/ | of the object, l.e. its velocity in relation to 

J - L l 11 Lj 1 / 11 L I 1, I I 

" Y' r . • -s / ^ , x . . a the railroad car, will be directed vertically 

Path of object?! Y /Tath of objectV 

rrelative t^/^j^relative downw ard , while its velocity relative to the 

V rail road car^ l the ground/ 

*••• its •beolute velocity, may be 

.obtained as the warn of the vector of train speed| 

4 _ and of the vector of the speed of fall. ix>- 

— Fig* 75* Fall of object thrown 

42 — creasing due to the pull of gravity* If we de I 

_ fraa the window of a fast-aoving j 

44 — not take air resistance into account, the i 

_ train. j ! 

4 6— motion of the released object will follow a 


8 - — 

II Fig* 75. 


/t>ath of objectv 
^rel ative to's 000 ' 
(the ground/ 


Fall of object thrown 


Jfrc* the window of a fast-aoving 


•18— parabola* 

50_ We get the ease picture if we fire a gun installed on an airplane. At the 
52— noaent of its exit fro* the bore of the gun, velocities are imparted to the shell 
54 i n „tw o di rect ion s i that of the bore axia, and that of the nation of the airp lan e 
56 Jja -r ala t lon t o the-gun ani to the plane, the velocity of the projectile at the 
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The tnglt fcnad by the rectos* of Absolute Initial Telocity the rare and 
1 plsaa la termed the absolute angle-off, and la represented a a pole 

The angle farmed by the vectors of the relative and absolute initial velocities 
_ la called the angle of deflection and represented as p * 

The magnitude and direction of the absolute initial velocity of the projectile 
1 v ol depends (for a given piece) on the actual speed of the airplane axti on the 
angle-off of the piece* The highest value for absolute initial velocity obtains 
when firing directly forward* It then equals the algebraic son of relative Initial 
velocity and the actual ?*««! of the.. plane a while the angle ef dsflsctlca. -equals O. 

A a the angle-off of the piece Is increased from 0 to 90 degrees, the vector of 
j absolute Initial velocity decreases, while the angle of deflection increases* As 
the angle-off of the piece is farther increased to 180 degrees, the vector of 
absolute initial velocity continues to decrease, while the angle-off decreases to 
aero. When firing directly aft, absolute initial velocity equals the algebraic 
difference between relative initial velocity end actual speed* 

• Firing forward „ — """ 


Firing aft 




50— Fige ?8* In firing forward, the absolute velocl- Fig* 79* The triangle of 
52 — ty of the projectile la increased* In firing aft, ties is situated in the sane 


il ia decreased 


plane as. tbs for# sad aft axis 
of the slrplsat* 
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The triangle formed by the vector of initial velocity v 0 , the vector of the 
; actual speed of the plana V*, and the vector of absolute initial velocity v<& is 
called the triangle of velocities. The fore and aft axis of the plane always lies 


in the same plane as this triangle. 

Thus, if the angle-off of the piece differs from 0 or 180 degrees, the shell 
1 w ill never travel on the path onto which it has been released fTco the piece, while 
its velocity will differ from relative initial velocity. 

The motion of the projectile when firing from aircraft in flight wust be con- 
sidered as taking place under initial conditions different from those obtaining in 

■* J rr-4 rtrtti - 


h8. Deflection of Projectile. Linear and Angular Deflection 


The ph enomenon of the deviation of the projectile from the relative plane of 
release as a result of the actual speed of the airplane is called the deflection of 
the projectile. The magnitude of deflection may be estimated either as the linear 
or as the angular value of this deviation# 

The distance measured along the line of flight from the relative path of 
release to the absolute path of release Is termed linear deflection and Is repre- 
sented by the letter A* 

Linear deflection varies in direct proportion to the range of flaring and does 

j not depend on the angle-off of the piece. The angle of deflection, whose definition 

1 

we gave in the preceding paragraph, does not depend on the range of fire, but does 
depend on the angle-off of the piece. 

A correction far deflection, therefore, may be introduced either by setting 
badffard the point of elm from the target In a direction opposite to that of the 
motion of the gunner* a plane to a distance equal to the magnitude of the deflection, 
or by tensing the piece in the same direction at an angle equal to the angle of 


56. 


deflection. 


■ST 
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gravity pull for the mom distances as It would in ground firing* Theref ore, the 
trajectory will flatten cut, and the horizontal range for a given angle of fire will 
| be greater* 

m aft firing, if compared to firing on the ground, initial velocity is de- 
I creased by the airplane's actual speed, the projectile travels shorter distances in 


~1 


the 


tins intervals, and drops an equal amount* The trajectory of the projectile 


will have a more pronounced curvature, and the horizontal range of fire will decrease 
m firing at angles-off between 0 and 180 degrees, trajectories will assume 
ferns intermediate between the most flattened and the moat arched, while horizontal 
range will vary between the upper and loser extremes, decreasing when the angle-off 
j of the piece is increased* 

Thus, the actual speed of the gunner's plane gives rise to two new casplicatix^ 
factors which must be dealt with* The first is that values for gravity drop vary* 
j The second Is the fact that, even allowing for drop, one cannot set the weapon in 

| the sane plane as the target when firing, since projectiles will leave this plane* 

j 

Chapter VII 

! 

ALLOYING FOR THE EFFECT CF ACTUAL SPEED CM 
PROJECTILE TRAJECTCGX IN AERIAL CJUNNEKT 


4 0. 
42_j 
44 . 
46. 
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SO 
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$0* Is it Poseible to Estimate Projectile Deflection by Eye? 


It is, of course, possible to do so* Bat what will be the accuracy of such an j 
estimate, and can It be expected to lead to the hitting of the target whieh Is beliM 
fired upon? It is possible, for example, to make an estimate of deflection on the 

basis of the definition previously given ef the concept of "linear deflection"* 

j j 

Linear deflection, as. we have already see n, depends on range of fire, speed of pleas 

and Initial projectile velocity* j 


It is theref ere possible to calcula t e In advance linear deflection for a 


ISTAT 
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certain range, eey 100 m, and then all cm sore or less depending ae whether the range 

"lot the target Is greater or enaller than 100 m. Haring determined the magnitude of 

j‘ * 

deflection, it is possible, by using the target as a unit of scale, to carry the 
point of ain to one side of the target, in a direction opposite to that of the 
I notion of one's own plane, to the required masher of target scale units. 

~ Lst us assune, far instance, that deflection at a range of 100 n equals 15> 

that the target fired upon neasures 10 n, and is situated at a distance of U00 n. 


a range m. mww m 


...deflectian. for that range will 


likewise be four tines that for a range of 100 n, i.e. will equal 15 x k M 60 nu 
The target neasures 10 n, which neans that linear deflection will equal *0 s 6 
] target dimeters. Consequently, by setting backward the point of ain by 6 target 
dimeters away fron the target in a direction opposite to the notion of oar can 
. plane , we will make allowance for projectile deflection* 

j It would also be possible to make use of the deflection angle to introduce 
the necessary correction in sighting. That, however, would be even nare difficult. 

The example given above will suffice to shear that, in sighting, even a well 
trained gunner would need a certain amount of tine to carry out the calculations 
Jand ain his gun. 

j since the gunner in aerial combat needs to solve yet another series of problems, 
is worth e xamining the question of whether it is possible to remove the need fer j 
_ithe g unner to allow for his own actual speed. This is the question we will n am pro~ 
Zeeed to examine. At the same tine, we will study a neans of aliening for the 
~ variation in magnitude, and not only direction, of absolute initial projectile j 

-velocity. j 


3-J SU How to Allow for Own Actual Speed in Aerial (tannery 

2 

— Vhen we h** 8 to nake an angle between the bare axis and the sight axis in the 
—vertical plane to allow for gravity drop, we created a difference in elevation 
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tha sight port and the pipper of the ring sight la relation to the bore «is. 



Direction of Flight 


Fig, 83 • Tha principle of reckoning 
projectile deflection by shifting over 
bead in the direction of cam flight. 


,.- :To create en angle between the eight sodts and the bore axle in the horizontal plane 
Jto allow for projectile deflection. It ie obviously sufficient to move laterally 
V ;; either the sight port or the eight ring. Let us assume we have shifted the sight 
" pert laterally from the bore axis in the direction of flight. If w. n«r aim rt the 
4 oil! target through the pipper of the ring and the bead on the sight port, tha bore of 
4 2 djthe gun will be pointing to one aide of the target, in a direction oppo.it. to the j 
| motion of the airplane. 

» i. obvious that to obtain the require angle of declination of the bora art. 
fron the line of sight, tha sight port must be moved laterally a certain specif 1* 
|dirt«*.. To find this distance, it would be necessary to find linear deflection | 
|f«r some particular range, and then shift the eight port forward in the direction ofj 

th e" obtained value for linear deflection byia ! 


! \ 
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deflection tree computed. 

In practice, a such simpler and sore convenient operation la performed fig. 82* )» 
The distance AC from the pipper of the ring to the axis passing through the place of 
attachment of the sight post to the barrel of the gun la taken as equal, at a par- 
ticular scale, to the vector of relative initial projectile velocity v D . 



A ^ ' 

"'"I 

"3 


56 _ 


Pig. 82*. The principle of reckoning 
actual speed and gravity drop of pro- 
jectile by means of a vectorial device. 

This is permissible since the orientation of this vector coincides with that of the 
gun bore, while the scale at which it is represented nay be selected arbitrarily. 

If th «9 at this same seals, we taka distance CB from the sight post attachment axis 
to the axis of the sight post itself as equal to the actual speed of the airplane, 
right line AB connecting the centers of the ring and the sight bead will be equal 
in magnitude (at the selected scale) and orientation to the vector of absolute 
initial velocity Oar problem is precisely to direct the vector of absolute 

initial velocity at the target when sighting* Therefore, when we sight at the 
target through the pipper of the ring and the sight bead, we are at the same time 

the vector of absolute initial velocity, while the bore of I 
■ declinat ion sway from the target to the side opposite to that ef __!■ 

It 


ISTAT 
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0 of the plane' a on speed parallel, within the triangle of velocities, to the fore 
and aft axis of the plena. Te will examine then subsequently. For the moment, to 
fully convey the cleverness of the design of the device described by us, we will 
! -J note yet .mother of its features, its ability to make an allowance not only tor 
2 changes in the orientation of the vector of absolute Initial velocity, but also for 
it •magnitude* 

" To have the bore axis at the angle of sight to the sight axis, boreaighting 

; ' involves the elevation of the ring pinper to a greater height above the bore axis than 

__f-he sight bead. 

In our diagram (of. Fig. 8 U), the boresighted angle of night, computed for fire 
- I from a stationary airplane, will be the angle ACD S ot p. In aerial, fire, w. sight 
2 ’ 3 at th. target along line AB, i.e. at an angle of eight AH) Sot, »Mch will vary when 
1. the distance AB is varied* 

If AB increasee, this means thmt the absolute initiel velocity of the projectile 
7 increases, and, consequently, the range of fire increasee. But se distance AB in- 
creases, the angle of sights diminishes, and thereby a correction i. introduced 
: for the increase in projectile velocity, since aa the eight angle diminishes, the 
range of fire likewise decreases. In the end, range is maintained. 

Thus, by naing the sight described above, we allow the gunner to forego making 
..an allowance for gravity drop, for projectile deflection, mod for variation, in the 

II: magnitude and direction of absolute initial velocity. All these problems ere sdvuft 

42 i 

by tte# flight* 

'□ These very same problems may be solved by making mobile not the sight post, 
tut the sight ring. However, the letter, to make an Allowance for the airplane's 
“ actual speed, will have to be mowed laterally in a direction opposite to that of , 


43 — 1 
50 
5 


52-— | 


] flight* 


54 ..-.. 


Ik 


STAT 
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aro,nd the pin and nor. ^ or dcnward in ration to it, while alwaya r«.ihi* ; 
par all al to it. The distance fro. pin axis to sight post axis equals the Tootor of 

am actual speed at the selected scale. When the plans is in eotion, the 

jair current acts on the fine of the sight, and the sight 1 . carried forward, it* 
position being rigorously determined by the air current. In this eanner, whaterer 
th. orientation of th. piece, the eight port is always e.t forward in th. direction 
of tu& it. 





Direction of Flight 


i( _ ,Fig. 07. Stabilising the Tarter of actual speed by nans of a wane-type sight post. 

42 -j __ 

! iZ| Thi * highlT arigl “ 1 d,Tlc, » despite its extras. simplicity and sf„ 

«‘>Z. flel ®“ eT * h “ ^ lj “Portairt dlsadrantagea. The fact is that the sight is oriented ! 
. 3 - not parallel to the fore and aft axis of the plane or to the direction of it* for- j 

sol W * rd * P * ed ’ bnt in * ccord * nc * wlth •** nee. Air Hem, howerer, la highly werUhle ! 
52 Z *“* U *" P * d ** T * ri0 " bodi " * hl * h to be in it. way. The turret iteelf ! 

- bea ring the pl ena wi th its Tana-type eight port distorts sir flow around th* air- j 

5C>~ * h * t ' i* the contours of th# foaelage are net pereHt l to the f ore afl 
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•ft* ixiS| and thwefcr* celtbtr la the all* oturent* Tha screws of the pl ana also 
warp air flew. Consequently, the vane-type sight post, oriented strictly by air : 
flcar, doea not indicate the direction of notion of the plane, and therein lios it# 
main disadvantages Another, less important drawback is that the sigh* represents a 
vector of sotusl speed which remains constant in magnitude, while the speed of the 
airplane, depending on the particular assignment being carried out, may vary sig- 
nificantly* If the speed of the plane differs fr« that a* a baaia adjust*- 

the sight, the latter will introduce incorrect allowances for deflection and for 
the variation of the vector of absolute initial velocity. 

In the more efficient sights, the vector of actual speed Is made variable, 
while its st&tfLisation Is accomplished by mechanical, rather than aerodynamic means 
as In the vane-type sight post. 

So as to make the vector of own speed variable within limits, the eight post or 
the ring are set not on a base of definite length, but on a special indicator lath 
which may be made to slide forward or backward in the grooves of a guide rule. The 


Sight Post " 


Movable 

Buie 


r i 


Guide Rule 


Fig, 88, Actual speed indicator lath 
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lath itself bears a pointer, while the side of the guide rule is graduated to shoe 
cam speed at the seals of the sight* This lath is termed the actual speed indicator 
lath* The guide rule is attached horizontally to a shaft, by means of which the 
rule is oriented along the fere end aft axle of the plane* 

mien the pointer of the lath is st zero on the graduated scale, the axle of the 
sight post is in line with that of the guide rule shaft support, and the position of 
the eight post then carre epondr to ground fire conditions, when actual speed equals 

£oxd* "or ioriol ilfv, uia lew pwinvwf is iwv it the friduition owTBBpOnding to 

the speed at which the given assignment la to be carried out* In this position, the 
distance between the sigit post axle and the axis of rotation of the actual speed 
indicator lath will equal the vector of actual speed at sight scale* It is now 
necessary to orient the lath in a direction parallel to the fore and aft axis of the 
plane, and to maintain it in that position for all positions of the piece* It would 
be possible to simply fasten it to the stationary turret ring in a position parallel 
to the fare and aft axis* However, it must be remembered that yet another vector 
enters into the triangle of velocities, and that this vector needs to be oriented 
in a specific direction* the vector is that of relative initial projectile velocity 
v Q * Vector v Q must always be parallel to the bore axis, and therefore must be 
attached to the barrel* To get the vector of absolute initial velocity, it Is 
necessary that the rector of actual speed originate at the extremity of the vector 
of relative initial velocity and, conversely, that the' vector of relative initial 
velocity originate from the vector of initial speed* Therefore, if we secure the 
actual speed indicator lath to the airplane, while connecting the vector of relative 
initial velocity to the piece, and, at the same time, join these two vectors by 
means of a hinge, it will either be Impossible to move the piece Aron its original 

! 

position, or our vectorial mechanism will fall operate when the piece is turned* 

This means that both vectors must be connected either te the alrplsne or to the 


piece* Since the gunner operates his gun manually, it is pref erable that he have 


18 


I 
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the sight on the piece, end therefore that the entire vectorial device be connected 
to the latter* Consequently, it bee ones necessary to employ special ate ch anions to 
stabilise the actual speed indicator lath In such a way that, whatever the position 
of the piece, it remains parallel to the fore and aft axle of the airplane. 

To maintain the actual speed indicator lath peralbl to the fore and aft axle, 
use is made of vertical and horlsontal stabilisation mechanisms. 

The vertical stabilisation mechanism serves to keep the lath parallel to the 

farm and art. aoris vfian th* niM* ia VertiCSHy, »hil2 th* hcfls^tsl Stabi- 

lization mechanism holds the lath when the piece is turned horizontally* 

The vertical stabilisation of the actual speed indicator lath may be effected 
by means of an articulating parallelogram (Fig, 89), 

Let us consider a parallelogram A BCD, made of articulating strips AB, AO, ED and 
__ CD, Strip AB is fastened to the turret in such a manner that it may only turn on the 
vertical axis passing through points A and B, while strip AC is fixed to the barrel 
of the piece. The actual speed indicator lath la fastened in a position perpendictflr 
to strip CD and parallel to the fore and aft axle. Let us near agree to use the terms 
■vertical" and "horlsontal" with reference to an airplane in level flight, 

Vhen the bore Is moved in the vertical plans, stripe AC and ED will also move 
in the vortical plane. Strip CD, to which the actual speed indicator lath is joined^ 
remaining all the while parallel to fixed atrip AB, will remain vertical and, ther^* 
fare, the actual speed indicator lath will remain horlsontal regardless of the 
deviations of the gun in the vertical plane. 

Any turn of the pieee on the vertical axis will be accompanied by a turn of the 
_ entire parallelogram in the horizontal plane. Consequently, the lath will remain 
horlsontal, though its orientation within the horlsontal plane may vary, unless 
-jmsasvres are taken to stabilise it in the hcrlscatal plane as well, 

~j Another means of vertical stabilisation is to connect the actual speed Indl— 

. aster lath to the barrel of the piece by deans of three cylindrical gears (Pig, 90), 
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lath parallel to the for and aft axle* 

We will content our salve a for the moment with this description of t he general 
principles of the stabilisation of the actual speed indicator lath, since we will 
have occasion to return to the subject ehen describing aerial sight*. 

Thus, we have managed so far to overcome, more or less suceesfoliy, all the 
difficulties we have encountered, without burdening the gunner with a single complex 

problem when firing upon stationary targota. His skill so far needed to 

.. . , _i j.x — i - ~ 4-ewn.f.. tw. n-im? nroblema are 

only in correeTiay «»o w ** vw w — - - - - 

^i fn care of by the sight* 
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Chapter VIII 

EFFECTS (F ALTITUDE AND POSITION ANGLE ON 
TRAJECTORY FORM AND HON ALLOWANCE IS MADE 
FCR THESE EFFECTS IN AERIAL GUNNEKI 

km+.ntim rep Firin* Affect* the Fore of the Trajeetars 

rr» . rvsm tt- . -jt . - ■ — - — -■ - 1 — - — ■ - 

be Made for CM"gea In Fllfdit Altitude in Aerial (tannery? 

One of the characteristic features of aerial firing, ae we have already noted 
earlier, is that it takes place within a wide range of altitudes© The firing air- 
plane may be close to the ground or at a distance of 12 to 15 km from its surface* 
Air reel s tance depends on air density, suae i air density decreases with altitude# 
This means that, as the altitude of firing increases, air resistance diminishes and, 
by the same token, a projectile will travel further at a high altitude than it will 
at a lower one© Since the projectile will drop because of the pull of gravity for 
about an equal distance in equal time intervals at either altitude, the shape of the 
trajectory will be nor® flattened at the higher altitude than at the laser© As 
altitude is increased, the trajectory levels out and range of fire increases© To 
aaintain constant the range at uhieh the path of the trajectory crosses the sight 
axis, it is necessary to eh tha angle of sight as altitude is increased© 

In practice, then, should the angle of sight be modified in accordance with 
flight altitude? 

Calculation shows, and experience confirms, that tha constant angle of sight 
J given the gun Is entirely adequate for hitting the target at all altitudes and all 
— combat ranges, without a any correction of the angle of sight being required© j 
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Fig. 91# Variation of trajectory form as a function of firing altitude. Te main- 
tain range, it is necessary to decrease sighting angle. 

- 51u Hear Position Angle Affects Trajectory Fora 

We have also previously had occasion to note another special feature of aerial 
firing, which is that fire is not generally directed at a target in the saae hori- 
zontal plane as the one in which the attacking airplane is situated, but nay be 
either above or below it# 

— i When the angle of position varies, the form of the trajectory changes wore 

significantly than it does with altitude a This is explainable by the fact that the 
pull of gravity affects differently a projectile released at a snail angle to the 
^jhorlson than it doea one released at a larger one. 

If the projectile is travelling at an angle to the horizon, the force of gravity 
-acting on the canter of its mam& war be seen as consisting of two cooponent forces f j 
' — one oriented along the axis of the projectile, and the other perpendicular to it# 1 


The e «gi one nt which la perpendicular to the axis of the projectile aots to 


curve thei 




Of tho projectile, and the greater its magnitude, the sore arched is the path# ■ 

2k I 
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The more pronounced the curvature of the trajectory, the smaller the distance 
at which it will cross the eight sorts- This that as the ssgl e ef ~eeiticn is 

increased, the trajectory will tend to cross the sight axis further, and will rice 
higher above the sight axle and line of sight. It will be noted that, sines there 
exists an angle between the bore axis and the sight axis, and that the bore Is 
oriented upward in relation to the sight axis, directing the sight sxis vertically 
upward will cause the projectiles to travel backward over the gunner’s head. To 
maintain the range at which the trajectory crosses the line of eight or the sight 
axis when angle of position increases, it is necessary to decrease the sighting 
angle. 

The problem of introducing the necessary correction for variations in position 
angle may, of course, be handed to the gunner, but we will attempt to find a solution 
for it in another way. 



! 1 

H . ! 


~ J 
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The effect of variations in the angle of position of the target is albred far 
by means of a special device in the sight, which automatically corrects the sighting 
angle* To obtain a clear idea of the operation of this device, let u® examine the 



Fig. 96* Principle of design of PMP-6 sight, 
design of the sight FMP-6. 

A significant difference between this sight and others so far examined la the 
reversed position of the sight triangle and the triangle of velocities, i.e. actual 
speed is allied for by moving not the forward end of the sight axis, but the aft 
end, and the sight post itself is situated aft of the sight ring* The sight poet 
and sight ring are fastened to two telescoping shafts, so that the distance between 
the post and r±Bg may be varied. The ahaft to which the rir* is fastened rests 









on a socket, which allows its rotation both in the horizontal and vertical planes, 
whereas the shaft bearing the sight post rests on a ball-and-socket joint with which 
the actual speed indicator lath is provided. If the distance between the axis of 
rotation of the actual speed indicator lath and the vertical axis of the forward 
socket is equal, at s certain scale, to the vector of relative initial velocity, and 
if the distance between the vertical axis of the ball-and-socket joint and the axis 
of rotation of the indicator lath equals the vector of own actual speed, then the 
distance between the sight post and the ring will equal the vector of absolute 
initial velocity* When the piece turns in the horizontal plane, the indicator lath 
remains parallel to the fore and aft axis, being acted upon by a gear (engaging the 
cogs of the fixed turret ring), a flexible shaft and s worm transmission. In the 
process, the telescoping shafts come together or more apart, while the vector of 
absolute initial velocity is formed in the sight correctly, both in respect te 
magnitude and orientation. A special articulating parallelogram serves to stabilise 
the actual speed indicator lath when the piece turns vertically, maintaining the lath 
in a horizontal position. The support of the ball-and-socket joint, from whose 
center the distance to the plane of the triangle of velocities describes, atm specific 
scale, gravity drop for a given boresighting, thus always remains vertical. 

The distance fran the horizontal axis of the forward socket to the center of 
— the ring, and that from the center of the ball-and-socket joint of the indicator lath 
to the center of the sight bead are equal. The sight, bead is elevated above the 
plane of the triangle of velocities in such a way that an angle is formed between 
„Jthe sight axis end the bore axis, and that this angle equals the angle of eight* 
the sight axis is horizontal, the axis of the support of the ball-and- 
socket joint coincides with that of the sight post. The eight bead is then at its 
highest elevation above the bore axis, and the sighting angla then is at its greats* 
-opening. 

Ihen the angle of position of the target increases, i.e. when the bore is in- 
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dined 'upward, the telescoping shafts of the eight will rice and beocara inclined 
together with the bore, but since the support of the ball-aad-eocket joint remains 
vertical, the axis of the eight poet will incline from the center of the ball-end— 
socket joint, the sight bead will approach the bore axis, sight elevation will 
decreaee, and consequently, the angle of sighting will likewise diminish. When the 
bore is pointing vertically upward, the axis of the support of the ball-and-socket 


joint will be parallel to the bore axis, the ball-and-socket joint itself and the 
forward socket will be equidistant from the bore axle, sight elevation will equal 
zero, and the angle or sighting will therefore also equal sere. In such a caae, 
the sight axis will parallel the bore axis. 


I 

f 



j 

i 

* 

3 



_>±g. 97m Reckoning angle of position with sight of type PMP-6. Principle of con- 

j struct lag sighting angle for various angles of position. 

j 

*' 8 — i 

H For n *** tiT * * n € 1 ® 8 of* position, the operation of the sighting mechanism will 
co -| be th ® on 1 ? the buckling at the ball-and-socket joint will be in the opposite 

direction. 

—| In this maimer, it ia possible to build into the sighting msKhanism the cute^T 

30 
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matic decrease of the sighting angle 
corresponding to the Increase of the 
angle of position* It may be shorn 
mathematically that, far any given angle 
of position, the sighting angle formed 
by the sight will be the one required. 

Thus, the nee factor that had to 
be taken into account haa not compli- 
cated the jot of the the 

sight has again solved the problem. 

We have examined nearly all of the 
important factors affecting the velo- 
city and the form of the trajectory of 

the projectile. We now know how to aim at a stationary target from an airplane in 
flight, how the sight allows for various factors affecting trajectory form, what 
factors are accounted far by bore sighting the piece on the ground, and hear bore- 
sighting is done. We will now proceed to find out how to fire on a real aerial 
target, namely, an eneiay airplane. Such targets are in motion, and possess high 
velocities. These velocities must be taken into account, and while all the problems 
previously presented could be solved by means of the sight, norr we will havm to rely 
~ on the knowledge and skill of the gunner. 


Pig. 98. Constructing sighting angle with 
with sight of type PUP-6. 


--4 

srU, 


31 
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Chapter IX 

HCW target velocity is taken into account 

IN AERIAL OU KK E R I 

Oevrl Features of Aerial Firing on . Ha ving farwt. Th. Correction IV., 


Mgl« 


At the beginning of the book, we noted those features that are peculiar to 

mm h. m* ___» . „ 

, — -r'A— — — w»« xutr** Oi these was the high velo- 

city of aerial target®. 



50 _ 

52 - 


Flg;. 99# Correction triangle. 

This feature precludes the possibility of aiming aal firing directly at the 
target, and make. It necessary to set forward the point of ala In the direction of 
notion of the target. This is called setting forward the ala on a moving target 
(Fig. 99). 

At the ■<— nt of firing, the gunner sees the target In direction Ql- at a 




stance of D, 


> 0 * Point A 0 , at which the target is situated at ths woMnt of firing 


32^ 


1 u 


Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 





Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 



ia called the initial point, and the distance to the target 0A o 3 D p is termed the 
initial range. To aet forward the point of ale, it is very important to consider 
the dir ection of target notion relative to the gunner. This direction is rully 
determined “by the angle formed by the course of the target i.e. the path 

followed by the target, and the line of aim to the target 0k o at the moment of fire* 
This angle is called the target angle, and is designated by the letter q* 

In the interval that the projectile is in flight, the target will have had tine 
to move a certain distance kjL n Z L. Point A*, at which the projectile hits the 

is called the future position or set forward point, while the distance A^, 
covered by the target while the projectile is in flight (the distance between the 
initial point and the set forward point) is called the linear lead* Line 0A o , con- 
necting the po in t of release 0 to the initial point is called the initial line of 

sight, while line Q 1^, connecting the point of release to the set forward point, 

is called the set forward line of sight. 
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The triangle Ql 0 A 1 i* formed by the initial line of eight, the linear lead, and 
the set forward line of eight, is called the correction triangle* 

The A 0 C* n S ^ at which the gunner sees linear lead, or, in other terms, the 
angle formed by the initial and set forward lines of eight, is called the lead angl* 
(Fig. 100). 

To hit the target, it is necessary to set the piece at the moment of fire in 
such a manner that the trajectory of the projectile pass through the set forward 
point A u . For this, it is required that the absolute initial Telocity of the pro- 
wtile be oriented alon? line Ok which forms the angle of eight with the set 
forward line of sight. 

We already know how the bore of the gun should be oriented in such a case. 

Our basic problem is to determine the position of the set forward point. 

$7. How to Find the Position of the Set Forward Point 

The set forward point is situated on the coarse of the target, or, in other 
words, on the prolongation of the target's axis. At what distance from the target 
does this point lie? 

| 

We already hare some information on the subject. It lies at a distance from 
I the target equal to the path traveled by the target during the fli^it of the pro- 
^ jectile. This means that we have to know the velocity of the target and the time 

j of flight of the projectile from the point of release to the point of impact. We 

i 

“ do not. v~~ , u yat, haw to find either of those. However, let no essuae for the 
ecasnt that we know target Telocity. Ho. will we find the tie. of flight of the 
projectile? 

If the projectile traveled at a constant velocity, it would be simple to de- 
termine ite time of flight, knowing the range. It would then be enough to divide 
the range of fire in meters by the velocity of the projectile in meters per seeeod, j 


to obtain the desired figure. 
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However, the velocity of the projectile varies constantly, and the calculation 
of its tine of travel is highly complex* The theory of aerial gunnery provides us 
with a way of finding the nean velocity of the projectile for a given range, which h , 
as we already know, that constant and imaginary velocity which would allow the pro- 
jectile to cover a given distance ih the same time interval as the projectile actuary 
takes* Consequently, if we can determine the mean velocity of the projectile, its 
time of flight is easy to find, when range is known: 

Ground artillery disposes of a number of ways for determining range, but our 
task is complicated by the fact that what we need is the distance not to the target, 
but to the set forward point, for it is to that point that the motion of the projectfis 
-its directed, and it le by ite range that the time of flight will be determined* We 
are seeking to find the position of the point of Impact, and, for that purpose, we 
oust know in advance the range to it, i*e*, in other words, its position* This 
reasoning therefore leads us into a blind alley* Even if we know the distance at 
which this Imaginary point was located in relation to the target, we would still 
not be in a position to determine its range* 

The only way out of this situation is to take the range to the set forward point 
—as equal to the distance to the target at the moment of fire, which we can determine, 
this, of course, introduces an error into the calculations, but there is no other 

— solution* 

Thus, having determined the range to the target and knowing the mean velocity 
-if the projectile, we can find the approximate time interval of projectile flight* 

- low we may approximately indicate the position of the set forward point* If we 
—represent the velocity of the target as v t0 , linear lead, l*e* the distance along 

the axis of the target from the latter to the set forward point will be 

substituting for t the value t * ft , we get* • 


35 
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la calculations, oithsr formula n*y be used, since there exist ready nude tsbles 

Siring' projectile tine of flight for various ranges as well as Bean projectile velo- 
cities, 

Inothwr way of finding the position of the set forward point may be indicated 
here« it is the angular method, based on the determination of the lead angle. 

If we can find the opening of the lead angle, then, by inclining the sight axis 
Snm target direction at that angle in the direction of target motion, we will thezwty 
be aiming it at the set forward point, and, firing from a boreslghted piece, we will 
have the projectile pass through that point. 

The lead angle is easily found free the well known theory of sinuses of trigo- 
nometry* 


Substituting v u D for L, we get* 
T sr 


5jg2L,?*gJl • 


sin Up S ~ sin q. 
1 sr 


The lead angle is generally not large, since linear lead is maty times smaller 
than range of fire. Therefore, in accordance with trigonometric practice, it is 
possible to substitute for the sinus of this small angle the angle itself in rads, 
i»e. to writes 

- 'Y sin q ^“r«uls J. 


H 


Converting rads into mils, we gets 


iy* S 10CX) sin q 

The formula for the lead angle differs from that for linear lead in that sin q f 
jtakea the place of ». 


■STAT 
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To find the value for linear lead in metera, we must know target velocity and 
the mean velocity of the projectile for a given range of fire in eaters per second, 
as well as the range to the target in meters* 

The gunner does not have the slightest possibility of determining target velo- 
city, since he nay observe only its relative displacement, and his estimation of 
both the magnitude and direction of this velocity will be incorrect# The mean pro- 
jectile velocity depends on the range of fire, on the altitude at which the firing 
takes place , and on the absolute initial velocity of the projectile# The range to 
the target must also be found* It is understandable that the gunner ia in no position 
to take nVI these factors into account and to calculate the desired linear lead# 

For the lead angle, we have the formula! 

1 W * Z -i- 1000 sin q# 

- I v ar 

□ this formula is even more complex, since in addition to having to determine all the 
values required in the linear method, it is necessary to find the target angle and 
_Lts sinus# 

Thus, we come to the conclusion that it ia too much to expect of the gunner to , 
I find an exact solutlln to the problem of determining linear or angular lead, and 
~fchat perhaps more approximate but simpler means must be sought to alios? fear target 


Velocity# 


n 
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combat, it 1 b traveling at that vary spa ad, 

Thia means that, to determine target Telocity, the gunner must study eneey air- 
craft and know hoe to recognise their type and, consequently, their maximum speed* 
The speeds of modern pursuit planes vary insignificantly from type to type. 
Likewise, the speeds of various types of banters and transport planes differ little 
within each class* It is thus possible to assume, fear example, that all fighters 
have speeds of 700 km/hr, all bombers speeds of 500 km/h r, and all transport planes 
speeds of 250 km/hr* The airborne gunner has then only to determine what class of 

mI'S iiirewy plow wolwigi 


vu v iviiov 


Sjutv jf-M w iiw xi w 

in the class of filters, bombers or cargo planes* 

How that we have solved these particular problems, we may proceed to the matter 
of calculating linear lead. 

Since we have agreed to consider linear lead as proportional to range, to 
categorize target velocities into three groups according to target type, and to 
neglect the effect of altitude on the magnitude of linear lead, we may solve the 
problem in the follcsring manner. 

We will calculate linear lead for each class of airplane for a range of 100 m, 
computing mean projectile velocity for a range of 100 ■ at an average flight alti- 
tude, for example, U000 m* Then, once we know linear lead for each class of air- 
, plane at a range of 100m, it will be simple to compute it for any given range of 
fire* The lead to be allowed for in firing will be as many tines greater or lesser 

than that for a range of 100 n as the range to the target will be greater or leaser 

,i a_J : 

„._jthsn 100 m* 

" C 'l! if, for when firing «t fighter*, linear lead for • range of 100 a 

• m— n r» « to 25 n, then at a range of 200 ■ It will be 50 at a range of 300 », 75 ^ 
ml ae forth, l.e. aa aai * tines as 25 a ae rang# la greater than 100 a, <o- as : 
tlsss css hundred meters occur in the range* 


4 2 | 


lis • of, problem arises, thst of setting forward in practice the future 

M 
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If, for «x«pl«, th» linear lewd to be allowed for la 30 b, while the length of the 
fuselage of the target equals 10 b, we allow for the distance required if w„, oare-y 
the point of aiji 3 fuselage lengths forward frosi the nose of the target along It 'a 
far® and aft axle. 

It nay be calculated In advance ho* many fuselage lengths the point of aim must 
be nosed when firing at a range of 100 a at a given class of aircraft, and then this 
number of fuselage lengths nay be increased or decreased for different ranges, de- 
pending on how many tines the range of fire exceeds or is inferior to 100 p. 

The angle of position of the target has no bearing on the problem when one Is 
using this nethod, since the apparent length of the fuselage will decrease to the 
same extent as the apparent lead distance. Therefore, the apparent lead will contain 
the sane number of apparent fuselages as when tee angle of position equals 90 degree* 
The sighting method whereby the set forward point is found by using tee fuselage 
length of the target as a unit of measure is called fuselage ranging. 

When firing at a range of 100 m, the foil caring lead distances should be used 
far modern airplanes * 

Far Jet fighters 3 fuselage lengths 

Far conventional fighters 2 fuselage lengths 
For medium bombers 1.5 fuselage lengths 
For transports 3/U of a fuselage length. 

Thus, in fuselage ranging, one must remember hew many fuselage lengths to carry 
tee point of aim when firing at a range of 100 ■ for each class of aircraft, and 
.perform the foil caring operations t 

- determine the class to which tee target belongs 

- determine, in scow manner, range to target in hundreds of meters I 

- multiply the numb®? of fuselage lengths in the lead distance for that class 
of target and a range of 100 a by tee number of hundred# of meters in the 


I 


range 


m 
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- using the size of the fuselage of the target as a unit of measure, carry out 
the point of aim along the axis of the target to the required number of fuse- 
lage lengths and open fire* 

In fuselage ranging, the gunner must determine with the utmost accuracy the 
_ range to the target. An error in range determination of 100 m entails, when firing 
: on a Jet-powered pursuit plane, an error in lead estimate of 3 fuselage lengths, 
i.e. about 30 m, and, when firing on a bomber, an error of 2 fuselage lengths, i.e. 
ag ain about 30 bw Good training is required to interpolate by eye the needed miab«r 
__ of fuselage lengths. 

As may be seen, this method of sighting is carried out entirely by eye. The 
'2 gunner needs no auxiliary mechanisms to allow far the required lead. The axis of 
sight is simply aimed at the set forward point when it is located. 

~ Aiming by eye involves, without doubt, large errors. For this reason, fuselage 

__ ranging is used only when the design of the sight does not admit of any other way. 
Let us now examine some other methods of sighting. 

21 60. How the Problem of Sitting is Simplified in the Angular Method of Allowing fcr 
Target Velocity 

21 To find possible means of simplifying the problem of sighting in the angular 
method of allowing for target velocity, let us turn again to the formula fee* the 
lead angles 

,<?__! v. 

T s 1000 -** sin q. 

•uH 

4 6_ Classifying all aircraft into categories, as in the preceding section, we may 

* fiZ compute in advance the member 1000 ~ of the formula for each class of aircraft 

_ T «r 

5 0—4 far a given piece and fcr certain average conditions of fire* ! 

52 — Ihen firlxv, it will be enough simply to multiply this given figure by the 

s inu s of tbs targ et angle* But therein lies the complexity of the problem* 

5 6 ll Ham- Is this problaai solved? 


hk 
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In firing at a target, located at a given range, the magnitude of linear lead 
i \ does not depend on target angle, and will be constant regardless of the direction 

in which the target is moving. However, the opening of the lead'' angle will vary 
and depend on the target angle* 'When the target angle equals 90 degrees, the lead 
angle will have its greatest opening, whereas at target angles of 0 and 1 80 degrees, 

i - i 

i it will equal aero* The smaller the apparent value of linear lead, the smaller the 

I » . : 

lead angle* 

The sinus of the target angle characterizes the apparent shortening of lineter 
lead for target angles differing from 90 degrees* 

In diBCUSBXUg fuselage xmiigisg, no OsMondjr uau Ouuaoluu vw Sviw tuit thw 
apparent shortening of linear lead will be the same as the apparent shortening of 
Z the fuselage of the target* Therefore, we may say that the sinus of the target 
angle characterizes the apparent shortening of target fuselage length for target 
j angles other than 90 degrees* 
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The apparent shortening of the fuselage of the target as a result of its Incli- 
nation relative to the line of sight is called the foreshortening of the target* The 
numerical value of foreshortening Is that of the sinus of the target angle* 



Z qp vid “ *<p COS (90- q) * ly sin q 
Z qf vid l q> vid 


sin q 


56. 


Fig* 107* The foreshortening of the target is the apparent reduction of the length 
of the fuselage as the result of its inclination relative to the line of sight. 

Experience shone that the gunner may learn to determine fore shortening to an 
accuracy of l/h or, in other words, to estimate directly the sinus of the angle of 
'target without having first to determine the target angle itself. What do we mean 
when we say "foreshortening equals lA" ? "« that the sinus of the target angle 

j equals one quarter, which, in turn, indicates that the gunner sees one quarter of 
j the length of the target fuselage* A foreshortening of 2/h means that the gunner 
~ sees 2/k , i.e* one half of the length of the target *s fuselage, etc. 

In the first ease, the gunner sees the fuselage four times smaller, and in the j 
~ second case, one half as large as it would normally appear* Therefore, to determine 
I foreshortening it is enough to Imagine the fuselage at its full length and then 
I estimate what proportion of the actual length Is visible* ! 

I Target foreshortening* of 0/h, l/k, */h, 3 A and Ij/U correspond, respectively, \ 
t o target f ngiU f oft 0 a nd 18 0 d egre es j 35 and 165 degrees j 30 and 150 degre es j 50 I 
~ and 130 decrees i and 90 degrees* J 

M 
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multiply the lead calculated in advance far that class of targets by the foreshorten- 
ing • This gives the lead angle in mils. 

When using this method of sighting, 
the gunner is required to rapidly and ac- 
curately determine fare shortenings. This 
ability is acquired by lengthy and system- 
atic training with the aid of special 
devices, which incorporate in their deslgg 
airplane models which may be turned around 
so as to be seen with various foreshorten^ 
ings. Special tables, drawn up for various 
types of enemy planes, may also be used to 
learn the appearance of various degrees of 
foreshortening. 

Wo non know how to find the lead 
angle. How then ahall wo use this angle 
jpig. 108. Device used in training to de- to move the point of aim relative to the 
to rmina faro shortening. target? The gunner obv loudly needs sons 

kind of Instrument to measure angles. This 



protractor, again, la built into the eight. Let us ar a nin s tha principles used in 
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fixed rule, the arc is graduated in mile* 

If, when firing, ire set the movable rule at an angle equal to the lead angle as 
determined, us! orient it toward a target In level flight hr Mane of the sighting 
installation, the absolute initial velocity of the projectile will be oriented to 
the set forward point. In this manner, by keeping the movable rule on the target, 
we may fire knowing that the projectiles will pass through the set forward point, ® 
the condition, of course, that the piece has been boresighted, i.e. that the line of 
aim passing through the pipper and the sight bead is inclined dcmrward and forms the 
sighting angle with the bore axis* 

We have remarked that the required lead could be thus allored for on the con- 
dition that the target be in level flight. It is also assumed that the gunner’s am 
plane is in horizontal flight* 

when fire is opened on the target, the letter’s fore and aft axis may, in actu- 
ality, be oriented in any number of directions. The device described may be used 
if the plane containing the angle formed by the two rules may be set in such a way 


\ 



Fig* 112* ConstruetSjsg the eight 

51 
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that the fare and aft axis of the target plane ie in the same plane, i.e. the nar^e 
rule must be able to turn around the fixed rule aa an axle. This rule will there- 
fore describe a cone in epaoe far any given lead angle and for varying orientation® 
of target motion. This cone is termed the cone of eight. Since the movable rule 
... is directed along the initial line of sight, while the fixed one coincides with the 
set forward line of sight, it may be said that the cone of eight is the cone de- 
scribed by the plane of the correction triangle rotating on the set forward line of 
sight. For each foreshortening of the target, the sight must construct a different 

Bn/.l •. J> - « ■»-- 4—^ — .1 -- . . n , _ 

— ' ~ '**' ' — lar~ O *<—*-***, WJ, >—•■**■ 4 , **-.(*** ^OtopjL CVC4J O Vxiu UlO 

problem of sighting on an aerial target in motion, since as the movable rule turns, 

— pipper and sight bead will likewise become inclined, and the boresighting of tbs 
piece will fail to remain effective. For this reason, practice requires the use of 
another device, in which the segment off a right line, rather than an angle, is used 

__ as a measure of the lead angle. 

As the movable rule rotates freely around the fixed ona, its extremity de sc rite 

— a circumference around the fixed rule. The radius of this circumference equals the 
_ distance from the free extremity of the movable rule to the fixed one along a per- 

particular to the latter. 

— If we near replace this imaginary circumference by a ring, and place the sight 
__ bead in the position of the hinge of the two rules, it is obvious that any right 

— 11110 connecting the sight bead to the circumference of the ring will be the gene- 
-- ratrix of the cone of sight. In sighting, it will therefore be sufficient to set . \ 

— j the piece in such a way that the target be on a straight line connecting the sight ! 

j k 0 * 3 *“* th0 rln *# that its axis be oriented toward the center of the rin ^ 0 

\ , | 

In the device we thus obtain, the radius of the ring becomes a measure of lead! 

! “S 1 ®* The jester the radius of the rin», or th# aealler the distance between the! 

• i 

sight bead and the ring, the more open the angle formed by our device. This mesas ; 
that, far a given distance between the eight bead am the ring, the radius of thi "; 
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ring will correspond to a definite lead angle* 


v** 



** 

\ V**rV r 

\ ' t 

1/4 View' 


3/4 View 


V4 View 


50 - 

52- 


_j 


Fig. 113, Dependence of lead angle on Fig. llli. Principle of sighting through 
sight base and radius of ring. ring sight. 

o. — as sight base is decreased, lead 
angle increases! b — as radius of ring 
is increased, lead angle also increases. 

It would be possible to compute in advance far each class of aircraft the lead 
angles corresponding to 1/U, 2/U, 3/h and k/k foreshortened views, and set up four 
concentric rings far these angles in such a way that each ring correspond to a j 
particular foreshortening. In sighting, ; it would then be enough to determine the j 
foreshortening of the target and to set the target on the corresponding ring, while 
orienting its axis toward the ring 1 * center. This would solve the problem of j 

allowing for target velocity. But even if all targets are divided into two classed 

t he sight w ould have to contain 8 rings. 7%ese rings would cr<m* the field of J 

Ti fl fjfs, •fr.ba gjiiimar WSfild wi iu dfiSBgSST wCBfUSilSg the pUTpCSS cf SSSh CSS Sf 
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the rings. 

In practice, things are done otherwise* For each class of targets, one ring 
is provided* corresponding to a foreshortening of 2/lu If the target is seen in 
a 1/h view, the target la set at half the radius of the corresponding ring* If it 
is seen at 1*/U, the target is set outside of the ring, at a distance equalling one 
~! ring radius. Finally, if the target appears in 3 A it 18 8180 set the 

2 ~ ring, but at a distance of one half of the ring radius. 

King, sights generally have two rings* Gue of these 1 & Intended for lighting cr 


Sight Post 



r - > 

Lead angle scaled 
for bomber 


Ring Sight 


3 8 — 

4 0 j 

«=j 

4.d 

46_ 

48- 

50 _ 

52l] 


Fig. 115 • General diagram of mechanical ring sight. j 

bombers having speeds of U00 km/hr; the other is intended for sighting on pursuit 

j 

planes with speeds of 600 krn/hr. 

The leads allowed far the velocities of these targets and, therefore, the radii 
of the rings, are computed for certain average conditions of fire and a definite j 
absolute initial projectile velocity. We will become acquainted with the rules and j 
techniques of sighting in CHhpter XI, where we examine the design of certain aerial j 


sights* 


Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 





Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 


Chapter Z 


FIRING ON (BOUND TARGETS FROM THE AIR 


&■ 


i 6- 
50 - 
52 - 
54 .. 
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62, Hoir the Velocity of the Ground Target la Taken into Account 

Ground targets are possessed of considerably smaller velocities than aerial 
targets, but they are usually fired upon at greater ranges. Ranges of fire on ground 
targets are usually between 600 and 1200 m, and are therefore approximately twice 
as large as those involved in aerial fire. In firing from strafing or pursuit air- 
craft, the piece is aimed with the body of the airplane and the plane flies straight 
at the target. In aerial combat, pursuit planes usually attempt to approach the 
target from the rear, come within as close range as possible, and then only open 
fire. If a fighter is successful in executing this maneuver, he has sufficient time 
tor firing, since the attacker and the attacked are moving in the same direction, 
and tb© gain of the one on the other ia negligible. When firing from a bomber at 
an attacking fighter, the gunner likewise has sufficient time to aim a nd fire. An 
exception to this is fire from opposite courses, when, in order to fire for as 
; short a time interval am one second, a modern interceptor must open fire at a range 
of 2*>00 to 3000 m. 

When firing on a ground target, the pilot directs his plane at the target 
j and dives at itj the target and the ground move tcward him at the speed at which 

his plane is diving. If the plane has a speed of say, l£0 m per second, then each j 

second spent in aiming and firing brings the plane 150 m closer to the target. 
Furthermore, to bring the plane out of the dive, it is necessary to have available j 

a reserve of altitude of 200 to 300 m, since, on coming out of the dive, the air- 

plane loses altitude and, if the reserve is insufficient, runs the risk of colliding 
Therefore, If the p lans began its dive on the target ffrcn a range 


guns will beJNwo’ibt on the target for only 900 to 1000 m, 

J& 
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which he will cover in 6 to 7 seconds. In that time interval, he will have to sigH* 
fire a salvo, introduce corrections on the basis of tracers and points of ispact, 
and file the salvo which will strike the target. At the moment he ceases fire and 
comes out of the dive, he will be separated from t he target by a distance of UOO to 
500 m. For this reason, fire upon ground targets must be opened at considerable 
! ranges. i 

The greater the range, the longer the time of flight of the project il e and the 
longer the distance traveled by the target in that interval. 

If the target moves even at the relatively low velocity of 10 m per second, 
and if the time of flight of the projectile is of only 1 second, the target w ill 
_ have had tine to move 10 m from its initial position. 

This means that an allowance must be made far target velocity in air to ground 

fire. 

Allowance for ground target velocity may be made on the same principles as that 
for aerial targets. It should be pointed out at the outset that the angular method 
- °* arLorin « for ground target velocity is difficult to apply under combat conditions 
-i b0cause tho lead angle, in air to ground fire, depends on the angle of dive, and the 
~J latter may turn out to be quite different frcm the one intended before the attack. 

For this reason, the angular method of sighting may be recommended far fire only- 
on ground targets of a type which may be approached by the pilot at an altitude 
already determined in advance, and attacked at an angle of dive known bef orehani, 
i.e. only when the lead angle may be computed in advance. 

In firing upon ground targets, fuselage ranging is generally used. Lead far j 
target velocity is found in the same manner as when firing upon aerial targets, j 
i.e. if target velocity equals v^ and the time of flight of the projectile is 
%, linear lead for that velocity will be i 

L S^ta** 


56. 


I 


The dimensions of the target are again used to scale linear lead. IT the 


5 * 
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length of the target equals 1, lead may be expressed ae follows in terms of target 
dimension t 

L ▼ts* 

q s ewe or n ■ 

t i 

! lead 18 cllculated for th ® ran «® « which fire is opened, i.e. maximum lead is 
| allowed tar at the initial moment of fire, and is progressively decreased in th# 

coarse of the attack, corrections being made on the basis of shell traces and vieiUs, 
impacts* 

is units of tsrgst sis* for- & given range, when the target is known, may 
be computed in advance before take-off. When attacking, fire should be then opened 
at that range# 


63 * Allowance for Wind in Fire on Ground Targets 


4 8 - 

5 0 _ 
52 — 


In aerial fire upon an airborne target, wind is of no significance. In air to 
ground fire, it is an important factor. If wind velocity ie represented as U, 
the linear deflection of the projectile C at the target will bet 

C S fft. 

Consequently, the point of aim must be carried into the wind to that distance 
to have the projectiles hit the target* To compute correction for wind, target sise 
is again used as a unit of scale* 

To allcsr both for target and wind velocity at the same time, the point of aim 
la first carried forward along the direction of motion of the target to a distance 
equalling linear lead, then the sight aria is shifted windward to the correct de- 
flection distance. Target else ie used as a unit of measurement in both cases* 



*8 
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Chapter XI 

AERIAL RING-TTFE GPOTBIGHTS 
THEIR DESIGN AND OPERATION 

6U# Principle of Design of Collimator Sight 

An aerial gun sight is a complex and accurate instrument, combining mechanical 
and optical mechanisms and devices far reckoning with the ballistic properties of 
projectile trajectory, cam actual speed, and the effects of angle of position and 
target velocity# In the course of their evolution, gunsights have Incurred radical 
charges, and the sights currently used differ greatly in design from those first 
developed in aviation# 

We will examine here only some of the sights used at the time of the second 
world war# Among the most widely used in the air force are collimator gunsights# 
Before proceeding to examine the design of the instrument as a whole, let us out- 
line the principles underlying the design of the collimator sight. 

The basic part of any sighting instrument is the device indicating the axis 
of sight* As we have already seen, it is precisely in relation to this axis that 
the piece has to be set at the required angles in the vertical and horizontal plane§ 
to ensure the passage of the trajectory through the set forward point when the 
sight axis is directed at that point. 



fig. 118# The passage of light rays through * lens. 


5f 
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The sight axis may be provided by means of a mechanical device or optically* 

We are already acquainted with the simplest iron sight consist inf of a sight post 

and a ring with a pipper. Let us near see hew it is possible to provide a sight axis 

or line of sight by means of an optical device* 

Let us take a biconvex lens and place a point source of light at its focal 

point* Since, as the reader probably already knows, the focal point is the point 

at which aliu light rays converge after their refraction through tho 1*215, if they 

directed mt the letter in the for® of * parallel beam- If the rays originate 

at the focal point they will emerge from the lens in the form of a parallel beam 

following refract ion^Fig* 118). If the eye is placed on the other side of the lens, 

and we look through the lens, a very narrow beam of all the light rays issuing from 

the lens will strike the eye, and we will see the focal point F in the direction 

from which this beam will have reached our eye* If the eye is placed in the positien 

] shown in Fig. 118, it will see point F at infinity on the prolongation of line 11* 

This means that the Image of point F that the eye sees determines the position of 

a specific line of sight 11, and that, if we place acme object in the same position 

1 &s luminous point F, we will be orienting the line of sight 11 at that object* If 

the eye is moved in a direction perpendicular to the orientation of the light beam, 

it will receive other rays, but since all rays are parallel, the eye will see the 

point light source in the same direction, only slightly shifted from its initial 

position to a distance equal to that of the motion of the eye* The lens of a sight j 

is no larger than 5 to 6 cm in diameter; for this reason, if ws move our eye from 

one edge of the lens to the other, the sauce of ll&t will move the ssme distance* 

! ’ | 
Therefore, if we choose to provide a eight line in this maimer, the position of the j 

eye will not matter for practical purposes* 1 shift of the point of aim by some j 

5 to 6 cm ie negligible compared to the dimensions of the target and may be die- j 

regarded* _ j 


52 — j 

54 

56 


Ihen the lens is turned on its vertical or horisontal axle at an angle, the 

„6o 
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— Fig* 119* A reflector directs the rays from the grid to the eye of the g unner * 

entire beam of light is inclined at the same angle. Therefore, if we install the 
— • on a gtin, we will be able, by turning it, to give any desired position to the 

;• line of sight relative to the bare axis* 

U Such a "sighting device" cannot be used far the following reason* 

3 — i To obtain a point source of light in front of the lens in its focal plane, it 

5 — is necessary to install at that point an opaque shutter with a pin-point perforation 

— i 

4 0 — j in its center. It will be this luminous point that the eye will see on the pro- 
42 — longation of the light beam it receives. Since the eye has to be placed rather 
44 — close to the lens, it will not see anything except this luminous point, since its 
46_ field of vision will be covered by the lens and the shutter. To allow the gunner 
•>S— to see simultaneously both the luminous point representing the sight axis, and the 
target, it is necessary to remove the lens and shatter free his field of vision* j 
52 — To this purpose, the entire system - light source, shutter, lens - is turned j 
5 1 - a r ound so th a t , t . he optical axis of the system is vertical, and a reflector is pro- I 
5 * --- ei ds d s o t ha t the rsya fro m the light source reach the eye of the gunner. Tbs r o- j 
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flectar is made of two flat pieces of glass g3tted together and coated on their in-T 
terior surfaces with a thin layer of silver amalgam. Such a reflector lets through 
part of the light, while reflecting the other part. Sees of the light rays from the 
luminous perforation, issuing from the lens in the form of a parallel beam, will 
pass through the reflector, while sons, still in the form of a parallel beam, will 
strike the gunner *s eye* The gunner will see the luminous point on the prolongation 
v»f tiw tc«B his eys, i.s. uqjuuu the reflector* Through this reflector, 

the gunner will also see the target, since only part of the light rays issuing from 
the target will be reflected upward, while the remainder will be reflected into the 
gunner * s eye* In this way, the field of vision of the gunner is practically free* 

By varying the angle of inclination of the reflector, it will be possible to fora 
the angle of Bight, while by turning the entire system on its veittcal axis, the sigfc 
axis may be inclined at the angle of deflection $fg& actual own speed thereby taken 
into account* 



_ Fig* 120* Obtaining a cone of sight by means of a collimator. The rays which rsach 

46 ; | 

__ the eye from peripheral points of the grid form a cone* 

4 S_j ; | 

50 — Thus, by means of the collimator sigiit, it is possible to allow for gravity j 

51— drop and own actual speed* The way in which this is accomplished in practice will \ 

5 4 _ examined. 90* let me sea how it is possible with this system t o ! 


5 6 „ | Xona_the _c^ of si^t^ 
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Let us Imagine that, between the light source and the lens, is placed not a 
perforated shutter but a glass elide, coated with silver amalgam on the side faeii* 
the light bulb* Such a slide will not let through a single ray of light to the lena 
If we new etch out a circle on this slide, rays will reach the lens through the 
j transparent groove thus provided* Each point on the circle will direct a divergent 
beam toward the l&ns, and this beam, upon passing through the lens, will bee one 
parallel, since the slide is Situated in the focal plane* Such a beam will cross 
a i u *y originating in the center of the circle at the same angle as that r armed ty 
a ray from the circumference of the circle and aimed at the center of the lens 
crossing a ray, also aimed at the center of the lens, originating in the center of 
_ the circlefFig. 120)* This means that by selecting the appropriate radius far the 
circle on the lens, it is feasible to have these rays cross at the computed lead 
a^glo. The eye of the gunner will simultaneously see, in direction OF, the center 
-4 of the circle in the farm of a point of light, and, in direction QA», a given point 
— ; on the circumference of the circle. Lines CF and CA* will form a specific computed 
lead angle valid far determined target velocities and fare shortenings under 
__ certain average conditions of fire* 

If the eye of the gunner moves from position 0 to position Op it will receive 
other light rays, originating in the center of the circle and from a given point on 
— i*t, but since all rays originating at a given point on the slide are parallel to one 
—j another, the angle formed by rays originating in points A and P will not vary, 
whatever the position of the eye. Since the eye of the gunner will receive rays 
_Z|frem all points on the circumference, it will see • circle of ligh t beyond the 
— j | reflector* This circle will be the equivalent of the ring in iron sights* A ray 
—I the eye of the gunner to any point of this circle will be the generatrix of 
_ j the cone of sight, whereas a ray dimed at the center of the circle will be the sight 


s -j opmqpo slide bearing the incised circle, as well as a plpper and rangii* j 
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Image of grid 




Fig. 121. Diagram of construction of cone of eight in a c ollima tor 


graduation, is called a grid. The characteristic feature of the optical system de- 
scribed by us is that, it converts a divergent light beam into a parallel one. This 
system is called a collimator optical system* 

Thus, by means of the collimator system, we are in a position to provide a si#t 
axis, whose position is determined by the direction toward the luminous center of 
7 th * ring or pipper » a si Sht cone, whose opening is determine by the apparent 
angular size of the image of the circle. Since a very narrow beam of light reaches 
- the eye of the gunner from aiy point on the periphery of the grid, the image of 
jeach point of the ring will be situated at infinity and, therefore, the Image of the 
j itsslf 1r±1 - L infinity. To the gunner it will always appear as if the 

image of the ring ie situated at the target, i.e. in sighting, the impression is 
created that the target and the ring are in the same plane. Bile greatly facilities 
setting the sight* 

let ne new examine the design of the seme of the simpler collimator sights 
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Fig. 122. Aerial gun sight PAK-1. 


i One of these sights, which has been used on our interceptors in fire fraa 
fixed automatic gun installations* is the sight PAE-1, whose designation signi- 
fies f "Collimator Type Aerial Sight l". 

The basic part of this sight is the optical device providing the correction 
grid. This part is termed the collimator sight or simply the collimator. It con- 
sists of a lens* a correction grid laid out on a concave glass slide* and a re— 
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nectar. The grid ie lighted bel<~ by « .Metric bulb, which i. connected to 
the lighting system of the airplane. 

light rays originating free, the bulb, having paced through the transport 
deaign of the grid, reach the lens, where they are refracted and, on their way oat, 
ceme up against the reflector, which directs them to the eye of the gunner. Since 
the rays originating at any point of the grid reach the eye of the gunner in the 

form of a parallel beam, the gunner sees an image of all pointe of the grid at in- 
finity* 

The gunner, looking through the reflector as through onlinary glass, see. at tte 

SflHfi tllM hrt+.h 'fiKaa aej nil _U j j. _ a 

- - - -- — v^. was Co i 7 iaai cr nsS 

mounting so as to leave the gunner's field of vision unimpeded. Consequently, the 
gunner sees all objects with equal clarity whether they are seen in the reflector cm 
outside of it. In the course of observing and aiming at the target, if the latter 
is situated to one side of the grid, the gunner may still watch it without inter- 
ruption, and continue setting his piece when the target is seen through the reflector. 


Light Filter 


Reflector 



Fig* 123# Optical system And grid of sight PJLK- 1 . 
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It may be said that, in fact, there are no objects in front of the gunner limiting 
his field of vision, there being only the virtual image of the grid which will 
always appear on target, whatever the range of the latter* 

If sighting is on a target against a very light background of clouds or sneer, 
the image of the grid becomes discernible with difficulty* To maintain the visi- 
bility of the grid in such cases, a filter of dark glass is placed in front of the 
reflector* This filter absorbs some of the light of the bright background, without 
barring the way to light aimed at the eye of the gunner from the lens* When not 
needed, the light filter may be flipped off forward by means of a special release 
on the left side of the sight* 

The corrective grid of the sight consists of two thin lines crossing each other 
at a right angles one is vertical, the other horizontal* The point at which the 
lines cross represents the sight axis* Two circumferences are drawn around this 
point* The radius of the smaller one of these corresponds to a lead angle equal to 
70 mils, while the radius of the larger circle assumes a lead angle of lijO mils* 

The radii of both rings are computed for fire from a piece which will impart 
an initial velocity v Q S 820 m per second to the projectile, installed on an air- 
plane having an actual speed V^. — ItOO kn/hr • These calculations are for an alti- 
tude of fire H “ U000 m. 

Under these conditions, the larger ring allows far a target velocity v^ » 

U00 ka/hr at a foreshortening of h/h, or s 8 00 km/hr at a foreshortening of 
2/1* * The smaller ring allows fav foreshortenings of 2/1* and 1/2* far the same velo- 
j cities, respectively* 

The crosshairs of the grid are marked with transverse notches of alternating 
lengths* This is the ranging grid of the sight* Each small division of this grid 
corresponds to 10 mils, while each large one contains 20* The total y ert ical and 
horizontal span of the grid is 80 mils, l*e* 1*0 mils to the right and to the left, 
and upward and dowxarard from the pipper* 


M 
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In the event of the failure of grid illumination, the sight is r provided with 
an emergency sighting mechanism, consisting of rings fastened to a special support, 
and a sight post* The emergency ring-type iron sight is computed for the same 
target velocities and fore shortenings as the corrective grid of the sight proper, 
"When the optical system of the sight is in operation, the emergency eight may be 
conveniently removed. 


66, Operation of Si 


Targets, Sightin 


For fire on aerial targets with sights geared to fixed and mobile gun instal- 
lations, several methods ox signtiog may be us«u, iaeec aowOuo differ a mo ng them- 
selves in their accuracy and in the complexity of the operations which the gunner 
must perform. One of the methods of sighting - fuselage ranging - has already been 
examined in some detail, and we need not consider it again. Let us now analyze 
those methods of sighting which are based on the estimation of angular lead for 
various target velocities. 

Three methods of sighting cm the basis of angular lead estimation are currently 
in use. They are* 

1, Sighting by computation, 

2, The method of comparing velocities and foreshortenings. 

3, The method of arbitrary units. 

Sighting by computation is based on the accurate calculation of lead angle 


from the formula: 


t S 1000 -is sin q. 


The calculation of lead angle by this formula can only be carried out on the 
.ground, in advance, and requires an advance knowledge of target velocity, fore- 
shortening, range and altitude of fire, as well as the absolute initial projectile 

J ■ i 

velocity which depends, for a given piece, on angle-off and own actual speed. All 
these data cannot be available in advance for any combat situation. For this reason 
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the method is used on ly in practice fire, when conditions allow the advance knowledge 
of all the data needed to compute the angle of lead. Such practice fire may be 
directed at cones, i.e. special targets towed by airplanes, in the form of sail- 
cloth bags in the shape of truncated cones. 



_Lx-mjL 

7 i 


(p*100 T 



Fig. 12l*. Position of cone in grid of sight K8-T for varying set forward points. 

To determine the position of the target in the sight grid* use is made of the 
radii of the rings, whose angular dimensions are known in mils, and of the ranging 
: grid as scales. If the lead computed does not exceed 1*0 mils, one may simply usa 
j the ranging grid; if it exceeds 1*0 mils, one must use the ranging grid and the radii 

• of the circles both. 

i 

■ Fig. 121* gives examples of the positions of a target con© in the grid of a 

j ■ 

: sight of type K8-T far leads of 30, 50, 80 and 100 mils. 

In sighting with sight K8-T, it is necessaryt 

a) before take-off, to register on the actual speed indicator lath the speed 
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required by the exercise; 

b) upon tunning in on the target, to aim the piece in the direction of the 
target and to find the position of the point of aim on the sight grid in accordance 
with the target *s line of motion and the computed lead angle; 

c) set the piece so that the point of aim be so placed that the fore and aft 
axis of the target along its line of motion pas6 through the pipper of the sight; 

d) when the target is viewed at the foreshortening allowed for, to open fire. 


67. Sightin 


the Method of Co 


Velocities and Fore shortenings 


Less accurate than sighting by computation, yet more rapid and practical is the 


the radii of the sight rings, are designed for definite target velocities and 
definite fore shortenings. Since the lead angle is directly proportional to the 
velocity and foreshortening of the target, while the radius of the ring is directly 
proportional to a particular lead angle calculated in advance, the radius of the 
ring must be larger to the extent that the velocity of the target and its fore- 
shortening are greater. 

If the sight ring is designed far a target velocity of Vfc 8 s UOO ka/hr and a 
foreshortening of 2/U, while the target fired at has a velocity of, say, BOO ka/hr, 
and the same foreshortening, the point of aim when sighting should be taken not on 
the ring, but at a distance of two radii from the pipper of the grid, i»e„ at a 
distance greater than the radius of the ring by ae many times as the actual velo- 
city of the target exceeds that provided far by the radius of the ring. If. the 
velocity of the target is inferior than that allowed far by the ring, the distance 
of the point of from the pipper must be diminished by as many times as the 
actual velocity of the target is inferior to that provided for. 

If the fore shortening of the target is greater or lesser than that provided 
for, the distance of the point of aim from the pipper of the grid should be in- 
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creased or decreased by as many times as the actual foreshortening is greater or 
lesser than that provided far. 

Thus, under combat conditions, the gunner is expected to determine target 
velocity and foreshortening, and to select a point of aim on the sight grid in 
accordance with these data and the data built into the sight. 

We have already stated previously that the gunner has no direct way of estimating 
target velocity, and that he has to judge it from the class of aircraft to which the 
target belongs. Foreshortening may be judged by eye with an accuracy up to lA* 

The method ox ct*»paxiag velocities end fore shortening? i* stably simplified 
when the radii of the sight rings are computed for typical speeds of enemy sir- 
craft. When this is the case, the gunner has only to find out which ring to use 
as a reference in selecting the point of aim on a given enemy plane. The gunner 
has then only to allow far the foreshortening of the target. 

m sight K8-T, the smaller ring of the corrective grid is set for a target 
velocity of v ts S U00 ks/far and a foreshortening of 2/U 9 while the larger ring 
provides for a target velocity of v ta = 600 km/h r and an identical foreshortening 
of 2/h. 

Unless fire is directed on & jet plane, all targets may be divided into two 
classest interceptors and bombers. It may also be assumed that all interceptors 
_ have speeds of 600 km/hr, and all bombers speeds of 1*00 kas/fer. In sighting on 
interceptors, one thus may use the larger ring of the corrective grid, while using 
the smaller one for bombers. 

When sighting Unas an interceptor or strafer , it is required? 

a) to determine the class (interceptor or bomber) to which the enemy plans 
should be assigned, and to select the appropriate sight ringj 

b) to determine the foreshortening of the target and to find out at whact dis- 
tance from the pipper the target must be located at the moment fire is openedj j 

e) "to maneuver the plane so as to place the target in the field of the sight 
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in such a way that lte longitudinal axis in the direction of flight point to the 
pipp«r of the sight j 

d) to move the airplane so ae to move the pipper along the axis of the target 
so that the target be located at the required distance from the pipper* 

e) maintaining the target at the point of aim and introducing, if necessary, 
corrections for changes in the direction of target motion or in foreshortening, 
to wait until the range to the target corresponds to the effective range of fire, 
and to open fire. 



y 4 Vi$w 







2/A View 


Fig. 125. Sighting on pursuit plane by the method of comparing velocities and 

fareshortenings. 

When aimiig with sights of type 18-ff attached to mobile installations, it is 
4 required) 

a) before take-off, to register the expected speed or the os© set far the 

partlcular taak on the actual speed indicator lath* 

] b) havix« located the target, to determine the class to which it should be 
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assigned, and to select the corresponding sight ring; 

c) to estimate the foreshortening of the target and find out at what distanoe 
from the pipper of the grid the target must be situated at the moment fire is opened j 

d) to set the piece in such a manner that the target be in the sight field and 
that its longitudinal axis point in the direction of its motion at the pipper of the 
grid; 






Fig. 126. Sighting on bapber by the method of comparing velocities and f oreshorten- 

J ings. 

j _ ’ 

j a) turn the gun so as to shift the pipper along the axis of the target so that 
the target is at the required distance from the pipper; 

f) maintaining the target at the point of aim and introducing, if necessary, 
corrections far changes in the direction of target melon or in foreshortening, 
to wait until the range to the target corresponds to the effective range of fire, 
and to open fire. 


71 
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In using this typo of sight and estimating target foreshortening, it is better 
to overestimate than to unriersetimate, and it is advisable judge of the lead angle 
as larger, rather than smaller than it really is# 

If the lead allowed for target velocity ia inferior to ita correct value, not 
a eingle shell will hit the target, since the projectiles will all pass aft of the 
target. If we allow a somewhat greater ldad than the correct value and open fire, 
the target w ill be struck if the gunner, without moving his sight, firas a sufficien- 
tly long salve, since sooner or later the target will dross the -hell trajectory. 

The above described method of sighting requires no calculations on the part of 
the gunner, a«i therefore ia the simplest. The gunner must be well trained to set 
his sight aut cwiat ic ally as soon as he sees the target. At the same time, it is also 



pig. 127. Sequence of operations in sighting aerial target. 1- Having located tar— 
get, recognize itj 2- Turning in on target and approaching it, calculate lead angle} 
3 _ orient course of own plane so that target’s fore and aft ails points to pipper of 
sight} U— When the target is at the calculated interval from the pipper, open fire. 

the least accurate method, since target velocity may significantly differ from those; 

7k 
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for which the sight rings are designed* If target velocity is too low, the result** 
ing lead will be greater than the one required, but if firing is extended in time, 
the target may eventually be struck* If target velocity is too high, the lead 
allowed for in firing will be too small, and the target will not be hit* 


68* Sighting by the Method of Arbitrary Units 


Another method of sighting, requiring some simple calculations, but more ac- 
curate in principle then the netted of comparing velocities and fere shortenings, 
is termed the method of arbitrary units* This method permits taking ac-cout both 
of the true speed of the target and its foreshortening. 

The precise value of the lead angle is found by the formulas 


» T ■ 1000 Ik£ sin q. 


As we noted earlier, the mean velocity of the projectile in flight may be 
assumed constant, and calculated for a given average altitude H, a given range of 
fire D, and own actual speed V^* 

The foreshortening of the target, defined by the value sin q, is in terms 

u. 

of quarter fuselage lengths and may be written as ^ , where k is the numerator 
of foreshortening, which may assume the values 0 , 1, 2, 3 and U. If group all 
constant values in one member, the formula for lead in mils may be written as 
follows s 


T _ 1000 


*«r 


T t. k 


The constant member i222 may be calculated in advance, and, when firing in 
the air, the gunner will have to multiply three figures to obtain the lead angles 
the value of this constant member, target velocity and the foreshortening numerator 

j 

Considering the speeds of modern aerial combat, the calculation is somewhat cumber-* 
some, especially since target velocity must be taken in meters per second* 

To simplify the problem, target velocities are expressed in tens of kilo- 1 
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meters. To express a velocity given in kilometers per hour in meters per second, 
it is necessary to convert the value for velocity from one system of units to anoth* 
In this instance, to derive <Tm/sec J from £)abjbrj % the velocity in km/hr must be 
divided by 3.6, i.e. 


- . „ T taifW hr _7 

T t/”/see7 a JjtT' 


If we have velocity in tens of kilometers per hour enter in this formula, 

we are introducing thereby a value which is ten times smaller than the actual one, 

and the formula must be given the factor 10, i.e. 

isw. n 


3.6 


The figure ^ may be carried to the constant member of the formula, and 

3«o 9 

then get: 


For a mean projectile velocity v^ equal to 700 m/sec, the value of the constat 
member equals approximately 1. For other values of mean projectile velocity, the 
value of this constant member differs somewhat from unity but, to simplify the 
problem, it is always taken as equal to unity. Using this approximation, the 
product of target velocity, expressed in tens of kilometers per hour, and of the 
numerator of foreshortening will represent the lead angle not in mils, but in 
certain other units, differing from mils. These units are termed arbitrary units. 

Thus, lead angle may be obtained from the formula: 


^ = T t*£~ ten ® arbitrary unit 8^7 


Near that we have the lead angle in arbitrary units, how do we set the sight 
by it? For the sight gives angles expressed in mils on the ranging grid and ring 
radii. The solution will be found if we can express the angular values of the ring 
; radii also in arbitrary unite. This is not hard to do, keeping in mini the fact 
that the radius of each ring *s also calculated for a specific foreshortening and 
a specific target velocity. By multipilying the numerator of foreshortening by 
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the velocity on which the radius of the ring is baaed, we will find its value in 
arbitrary units* 

In this way, we will obtain a lead angle to scale for purposes of sighting, 
which will be expressed in the same units as the lead angle obtained by computation* 

What then will be the angular dimensions of ring radii in arbitrary units far 
sight K8-T? The small ring in this sight is calculated for a target velocity of 
1*00 k a/hr and a foreshortening of 2/1*. Consequently, the angular magnitude of the 
radius of the small ring expressed in arbitrary units will equal 1*0 x 2 s 80 arbi- 
trary units* The large ring is calculated for a target velocity of 600 km/hr and 
a foreshortening likewise of c/4* Therefore, tas radius of f>h.& large ring in 
arbitrary units will equal 60 x 2 5 120 arbitrary units. 

We thus find that, for sight K8-T, the number of arbitrary units contained 
in the ring radii is equal to the number of oils in those same radii. This means 
that the data built into the grid of sight K8-T are such that the constant member 
of the formula for the lead angle is precisely equal to unity, and the arbitrary 
unit therefore equals exactly one mil. 

This concordance does not hold true for other sight grids. As a result, the 
constant member in the formula for lead angle comes cut somewhat smaller than 1, 
and the arbitrary unit is somewhat smaller than one mil. In such sights, the 
_ smaller ring of the grid measures 70 mils or 80 arbitrary units, while the larger 
ene measures 105 mils or 120 arbitrary units. When using the method of arbitary 
units, the smaller ring should therefore be taken as measuring 80 arbitary units, 
and the larger ring, 120 arbitrary units. However, considering the very small 

difference between the number of mils and the number of arbitrary units contained 

j 

J in the radii of the rings, it may be assumed thst these contain the same number of 
| arbitery units as of mils, l*e. 70 and 105 arbitrary units. In addition, leads 
-j of 80 and 120 arbitrary units will be taken not on the rings, but respectively at 
~j 10 and 15 mils outside of them. In other wards, leads deliberately greater than 
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those required by computation will be taken. Ve have already noted that such a 
procedure is more advantageous than underestimation of lead. 

In sighting by the method of arbitrary units, it is req uir ed t 

a) having located and recognised the target, to determine its velocity by 
reference to the class of aircraft to which it belongs* 

b) if the target is already at relatively short range, to determine its fore- 
shortening; if it is at long range, to select the foreshortening at which it will be 
attacked; 

c) to multiply target velocity in tens of kilometers per hour or, simply, in 
ks/hr without the filial figure, by the numerator or its foreshortening, and to find 
out the distance from the pipper at which the target must be situated at the moment 
fire is opened; 

d) to maneuver the plane to place the target in the sight field, so that the 
. target* s longitudinal axis points to the sight pipper in the direction of its 

- motion; 

aove the Plane so as to shift the pipper along the axis of the target in 
such a way that the target be situated at the calculated distance from the pipper; 

f ) maintaining the target at the point of aim and introducing, if necessary, 
corrections for changes in the direction of motion or foreshortening of the target, 

~i aprait th ® moment when the range of the target will correspond to the effective 
range of fire or the mesne irb when tactical conditions are those required for attack, 

_j and open fire. 

In sighting from mobile installations equipped with K8-T sights, and using this 
J method rmf sighting, it is required* 

a) before take-off, to register the expected speed or the one set for the 
execution of the particular task on the actual speed indicator lath; 

b) having located and recognised the target, to determine its velocity by 
-j the class of aircraft to which it belongs; 


Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 







Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 


c) to determine the foreshortening of the target and by multiplying the 
numerator of foreshortening by target velocity expressed in tens of kilometers per 
hour, find the lead angle in mile; 

d) to set the piece in stch a manner that the target be in the sight field 
and that its longitud inal axis point in the direction of its motion at the pipper 
of the sight grid) 

e) to turn the gun so as to shift the pipper along the axis of the target to 
place the target at the required distance from the pipper $ 

f) maintaining the target at the point of aim and introducing, if necessary, 
corrections for changes In the direction of motion or- foreahaftoning of the target, 
smalt the moment when the range to the target corresponds to the effective range 
of fire or when the target is seen at its most advantageous angle, and to open 
fire* 

The reader may nom ask: "Which of the three methods described should be em- 
ployed in aerial fire?" We mill answer this question in greater detail when we 
frrattrtTM* firing techniques for ground and air targets* In the meantime, we will 

V 4 View 3/4 View _ 1/4 View 

v target “ 600 Whr target = 500 km / hr c^£ T ta rget * 800 k ®Ar 
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2/4 View * 3 /4 View 

v target “ 750JWhr v target * 400 Whr ^ 



V4 View 

^target * 250 kn/hr 



fig* 128# Sighting by the method of arbitrary units* 
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merely state that all three methods may be used with equal effectiveness, depending 
on the firing technique adopted. Particular sighting methods suit particular 
firing techniques better than others* 

Using Sights w hen Firin g upon Ground Targets 

Aerial machine-guns and guns may be used in fire on ground targets. Typical 
ground targets include grounded aircraft on airfields, trucks, armored cars, light 
and medium tanks, horse and railroad transport carrying personnel or equipment, 
infantry and artillery in position and in transit. Ground targets are divided into 
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by the gunner. For this reason, it has to be determined approximately from range 
of fire. The time of flight of the projectile for ranges of 600 to 900 m is taken 
as equal to 1 second, and, for ranges below 600 m, to 0.5 seconds. Consequently, 
for ranges of 600 to 900 m, linear correction for wind is numerically the same as 
wind velocity, while, for ranges of less than 600 m, it corresponds to one half of 
wind velocity. 

Wind direction and velocity are determined from the drift of the airplane and 
from smoke and dust drift at ground level. If, for one reason or another, it ie im- 


wind, and corrections are subsequently introduced oy yoeoiyxrg explosions a tss 
shells and the dust raised by them on the ground. In cases when wind velocity does 
not exceed 5 meters per second, or range is less than 300 to U00 m, no allowance is 
made for wind. 

In fire on moving ground targets, corrections are introduced for the veloci- 
ties of these targets. In these cases as well, linear correction is generally 
taken. To allow for target velocity, the point of aim is carried forward in the 




Position of target 
in sight grid 




V s 



Correction for veloc-, 
ity of target 


y Correction 
s for wind 


Fig* 133* Sighting on a moving ground target when there is wind* 
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direction of target notion to the distance of linear liad, gauging this distance by 
eye in terms of target size. The linear correction for target velocity equals target 
velocity by projectile flight time. The latter, as in wire! correction, is taken in 
round figures, i.e. for ranges of 600 to 900 m, the correction for target velocity 
equals target velocity, while at lesser ranges it is half the value for the same* 

In order to take into account both target velocity and wind in air to ground 
fire, it is necessary to carry the point of aim forward along the line of motion of 
the target to a distance equal to linear lead, and from this point to one side, in 
a direction contrary to that of the wind, to a distance corresponding to correction 
for wind deflection. In fire on long narrow targets, wind is allowed for only when 
it is directed transversely in relation to the target. In fire on wide-area targets, 
such as troop concentrations, airfields, population centers, etc*, correction for 
wind is not made. At the same time, it is still required to aim at specifically 
selected, more important and vulnerable parts of the target. 
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Chapter XII 

FIRING ON AIR AND GROUND TARGETS 
70, Why and Hcwr Range to Target Is Determined 

The range of fire from an airplane machine gun or cannon ie considered close 
if it does not exceed 200 m, medium when it varies from 200 to 600 m, and long when 
it exceeds 600 m. 

Fire directed oy means of sights is meet effective at cloae rang**- Fire 

at medium ranges is mainly employed when attacking aerial targets on approaching 
courses and when repelling interceptor attack from a bomber. Fire at long range 
is ineffective and is permissible only when attacking aerial targets on approaching 
courses, or when a high calibre piece is used on a relatively slow-moving target. 

In fire on pin-point ground targets, effective range is limited to 600 m. 

To have some assurance of striking the target by fire from a machine gun or 
automatic cannon, both the gunner and the pilot must be careful to open fire only 
at those ranges at which fire is most effective. Therefore, the gunner and the 
pilot must know how to determine the range to the target rapidly and with sufficiei* 
accuracy. 

There are two ways to determine range* by eye, and by means of the sight. 

Ranging by eye depends on the ability of the eye to see objects at various 
. -3 distances in varying fullness and detail. Thus, at ranges of 800 to 1000 m, only 
< C~ the main parts of a plane are visible* wings, fuselage, and tail assembly. At 
. :Cj ranges of U00 to 500 m distinct parts of the wings, fuselage and empennage are 

(-; • visible, as well as the juncture of the cockpit and the fuselage and the stabilize*^ 

? : - At a range of 200 m, smaller details are visible* the cockpit frame, exhaust pipes, 

etc. At a range of 100 the most minor details may be distinguished* slits in 

the emp ennage, gun openings in the fuselage and wings, the antenna, etc. -■ 

® i 
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To learn to range the target by eye, the gunner must train systematically and 

learn through practice. Personal experience and training must help him to find 

for himself the degrees of visibility of various features of airplanes for varying 

i 



it 

aj • 

ranges, and make up a table of criteria. It is Impossible to set up tables which 

■M 

: 

would be of use to all gunners, since the degree of visibility of particular 

# 


airplane features depends on the individual eyesight of every gunner. 

$ 

3 
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This method, which is the simplest and most rapid, allows range determination 
with an accuracy adequate for practical purposes* 

Range determination by means of the sight is based on the measurement of the 
angular size of the target in mils* 

The angle in mils at which a target of size 1 is seen is defined by the formula 
T a 1000 £ , where D is the range to the targets Obviously, if we knew the size of 
the target and if we can determine the angle at which this size is perceived, we may 
determine target range by modiying oar formula to reads 


Since in aerial combat the target is usually attacked at fore shortenings of 0/U, 
1/U or at the most 2/U, the most convenient method of ranging is to gauge distance 
from wing span* To simplify calculations apparent wing span is assumed not to vary 



D- — 2- xi 000 
cp r 


D*= L P* l,p xlOOO 
2(pr 


Sight Grid 



Pig, 135. Principle of range determination by means of gun sight* 


with, the* e foreshortening s , and to equal 10 i in all one-engine interceptors,? 20 a 
in two-engine interceptors and bombers, and 30 i in three- and four-motor bombers. 
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and transports* 

Collimator sights have ranging scales in their fields of vision t the smaller 
graduations indicate 10 mils each, the larger ones - 20 mils* It is therefore easlmr 
to gauge angu l a r dimensions not in mils, but in terms of the smaller ranging gradu- 
ations of the sight* If we substitute an angle in ranging units for one in mils, 
we must multiply the number of ranging units by 10 to have mils appear in the for- 
mula* Representing the number of ranging graduations spanned by the target as n^, 

VA CT*»+. • 

D 3 1000 — «r D 2 100 i * 

10m a 

The right half of the formula may be divided by 100, and the division of 1 by 
n will give us range in hundreds of meters? 

D - i-j^hundreds of metersJT. 

In determining the number of ranging graduations occupied by the target, it 
is quite unnecessary to superimpose the ranging scale on the target. The gunner 
. wist be able to range by means of the sight through comparison of apparent target 
size with the ranging scale, whatever the position of the target in the sight grid* 





Fig* 136* Pursuit plane in sight grid at ranges of 100, 200 and 300 m* 


This method of determining range to target is more accurate, but also more 
complicated and cmnbereome in its application* Ranging by eye is therefore more 
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Fig. 137. Twin-engine bomber in sight grid at range of 5 00 m. 


commonly used. 


Rate of Fire on Air and Ground Targets 


An airplane carried a relatively limited supply of ammunition* and the rate of 
fire of modern machine guns and cannons is such that the entire reserve may be ex- 
hausted in 10 to 20 seconds of uninterrupted fire. If the gunner uses unduly long 
salvos, he may find himself out of shells before aerial combat is over. Consequent, 
the gunner must be economical in his expenditure of shells, avoiding unduly long 
- salvos and aiai carefully. 

Experience shcwrs that a salvo of 0.5 seconds allows the aerial gunner to in- 
crease the accuracy of the setting of his piece on the basis of shell traces, and 
to shift fire onto the target without interrupting fire, if original aiming was 
sufficiently accurate. For an accurate correction of fire on the basis of traces 
^and continued fire sufficient to knock out the target, a salvo up to 1 second in 
length is required. 

Fire in -salvo# of greater length is permissible only in such case# when the 
^enesgr remain# well within the field of vision of the sight and when one is assured 
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that continued fire will lead to knocking out the target* However, salvos of wore 
than 2 seconds are not permissible, as they lead not only to the rapid expenditure 
of ammunition, but also to the overheating of the gun barrels, causing the weapons 
to go out of commission* 

It is generally agreed to consider salvos of up to 0 e 5 seconds in length as 
short, up to 1 second as medium, and up to 2 seconds as long* 

On any combat flight, ammunition expenditure should be so calculated as to 
leave 15 to 20 percent of shells in reserve to the end of the fl.ight in case of 
action on the return flight to home base* 


How to Use Tracers in C correcting Fire 
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a definite percentage of tracer shells or bullets, equally distributed throughout 
the belt* 

Traces allow the gunner to determine the position of the trajectory relative 
to the target and to make the needed corrections in his aim* Knowledge is needed, 
however, to interpret the traces, sines they may appear to give misleading indica- 
tions regarding the motion of the projectile relative to the target. Thus, for 
example, in fire at ranges of 1*00 ® and further, the curvature of the trajectory and 
its rise ahenr* the line of aim create the irrmressiort that the shell S are flTrinv 


k-t 1 - 4 ~ -I* 


nal -rr co* ^ no +.}i* trryru*y ■onrH-. rtf 


the trace and judging from it the direction of motion of the sheila or bullets, 
without noticing that the trajectory subsequently lowers off* In firing from mobile 


View in sight grid 


View in sight grid 






ection of trace under 
obser.y at ion 


e, , 


Pig. liiO. The projectiles undershoot the Fig* lhl* The projectiles reach the 
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pieces, the trajectory appears to crut back toward the tail of the plane* In view 
of all this, in firing with tracers, it is recommended to watch not the entire trace, 
but merely that limited portion of it that lies near the target, i.e. to look not 
at the trace but at the target when firing, and to make no corrections before the 
first bullets or shells reach the target* Whether the projectile has reached the 
target may be judged from the interruption of the trace or the explosion of shells 
at the target* 

To make effective corrections from the trace, the aimin g before fire must be 
careful, and then corrected subsequently by the deviation from the target as shown 
by the trace® If the deviation of the trace from the target does not exceed 5> to 
10 m, the trace should be led on to the target without interrupting fire* If a 
larger error was introduced in the original sighting, fire should be interrupted, 
sighting repeated with greater accuracy, and firing then resumed. 

Fire upon aerial targets with no other sighting aid than tracer indications 
involves large errors and consequently large expenditure of time and ammunition* 

If the attacking airplane has managed to turn in on the target without being 
observed and the pilot or gunner has succeeded: in sighting without drawing the 
enemy* s attention, the enemy will become aware of being attacked from the traces 
of the first shorts fired. It Is therefore imperative that the original sighting 
be performed with the utmost accuracy, so as to knock out the target with the 
_ first salvo. 

| | 

j 73« How to Fire upon Aerial Targets 


— j To be the first to attack is to be victorious* In aerial c omb at, the 

must be to attack the enemy first, and to knock him out with the first volley. 

~ Surprise in attack is achelved by approaching the target unnoticed* It mav be 
done by approaching from the side of the sun, from behind clouds or on the side 


l of the enemy T s blind angle* In approaching the enemy from below, ground relief 
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Attack from below against cam- 
ouflaging background of terrain 

Fig. Ih2. Surprise attack is achieved by concealing approach to target. 


Side attack from 
blind angle 


is used as a camouflaging background. 

Fire should be opened at the shortest range possible, yet the pilot must have 
sufficient time to keep up fire. For this reason, it is most advantageous to 
attack aerial targets from the rear hemisphere. Speed in relation to target motion 
must be kept deem to the minimum. The target should consequently be attacked at 
the smallest possible foreshortening. 

If it has not been possible to begin the attack unnoticed, the relative speed 
of the attacker plane shall likewise appear small to the enemy, and the latter 
will also find it easier to sight and fire at the attacker. In selecting the 
direction from which to attack, the pilot must take into account the distribution ' 
and effective angles of the enemy plane's guns, the enemy's armor and his vulner- 
able points. 

The most effective conditions under which one interceptor may attack another 
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are considered to involve an attack frost above and from the side at a foreshorten- 
ing not exceeding 2/1*, or on a curve under the enemy plane, with a turn-in free 
the rear and below. Fire should be opened at ranges not exceeding 200 m, and is 
first in the form of short bursts to improve accuracy front traces, then one ex- 
tended salvo to knock out the target. Fire should be sustained until the shortest 
range compatible with a safe break-eway is reached. 

In attacks upon inter ceptcro on approaching courses fire should be opened at 
ranees <f 800 to lOOO »- 


WThori an 5 wf .nnant.nn affsAlra 


oppi waun jlc aauejLjLy maae rrom 


the front and the side, while subsequent ones are from the rear and side or the 
rear and below. In frontal attacks, fire is opened at a range of 6 00 to 800 m, 
while in a rear approach the range should not exceed 200 m. The first attack should 
aim at the gunner of the mobile installation or the installation itself, while 
later attacks at close ranges of the order of 100 to 50 m should involve fire on 
the pilot *s cabin or one of the engines. 

Gunners of mobile installations are confined, in aerial combat, to defensive 
fire against attacking pursuit planes, and, in addition, may fire only when the 
enemy has entered the boundaries of the sight cone of the piece. The gunner must 
attempt to discover and fire upon the enemy before the enemy fires on 

If the enemy appears in the blind angle of a mobile installation on the 
attacked airplane, the pilot of this plane must execute a maneuver, i*e. a turn 
of 10 to 15 degrees, to take the eneiny out of the blind angle and allow the gunner 
to fire on the enemy plane. In all cases of defense against interceptor attack, 
whether the latter occur in the fore or aft hemispheres, fire should be opened 
at a range of the order of 600 m and sustained in the form of short bursts, so as 

: ' j 

not to all car the enemy to pursue his Approach unhindered, and then continued by 
means of medium and long salvos as the target comes closer. In all cases, aim j 
should initially ba taken by means of the sight, and made more accurate from tracesL 
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Two types of fire are used in aerial combat: tracking fire and barrage fire* 
Tracking fire is fire in which the target is maintained within the sight grid 
at the required set forward position for the duration of fire, i.e. the piece is 
moved continuously to follow the target* The essential features of tracking fire 
are easy to grasp if one imagines the set forward point as being rigidly connected 
with the target as by a shaft, and moves with it, while uhe gunner, sustaining fire 
without interruption, keeps the pipper of his sight fixed all the time on that 
point* Tracking fire is used in cases when the angular velocity of target motion 
is insigiiificaat, i.e. when target foreshortening does not exceed 2/U* 



Fig* lUi* Attack of bomber try fighter 
from the tail and side. 



cr-4 


UF-fS 1 




*** 


Fig* Attack of bomber by fighter Fig. 1 1*6. Maneuver of bomber if target 

from the front and side* is in blind angle* 
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Barrage fire is fire in which the gunner, deliberately allowing a lead in excess 
of the one required, fires without shifting his sight and, therefore, his piece. 



\MI ///. 

\\ \\\!f / 

mv/y 


Fig* lii7. Tracking fire. 


,Lead angle selected/ 
by gunner , 


y ^ ^ 



Calculated ) 
lead angle 


Fig. ll*8. Barrage fire. 


awaits the moment when the target enters the sight grid with a lead smaller than tte 
one taken. 

To understand the nature of barrage fire, it must be imagined that the set 
forward point has a fixed position in space on the prolongation of the fore and aft 
_ axis of the target at a distance one and a half to twice the required linear lead 
far its velocity, and that the gunner, having placed the pipper of his sight on this 
fixed point, fires continuously until the true set forward point, rigidly joined to 
....jthe target, passes the selected fixed set forward point. After this happens, a new 
j S ®t forward point must be selected on the path of the target, made to coincide with 
-jthe pipper, and fired at again. It is clear that by this technique of firing all 
jthe projectiles released before the target reaches the required distance from the 
^selected set forward point will miss the target and pass in front of it, while 
-jthe projectiles released at the moment the target is situated at the required dis- 
tance from the selected point will hit the target* Fire after the distance from 
the .target to the selected fixed set forward point is less than that required is 
jaenaelaae, 8lncc target will hare passed this point while the projectiles are 
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in flight, and the latter will therefore pass behind the target* 

Barrage fire is used when the angular velocities of target isotion are high, 
i*e* at fore shortenings exceeding 2/iu 

A greater expenditure of ammunition and time is required to knock out a target 
by means of barrage fire. 

We are n cm in a position to answer the question regarding the advantages of 
various sighting methods* 

It is not difficult to see that it would be quite senseless to use accurate 

mof.VinfJn in j.i . . , . . 

” w » cvupuuou jlc«u nas in any event to be 

magnified one and a half to two times. 

For this reason, the method of comparing velocities and foreshortenings ie 
entirely adequate for purposes of barrage fire. Furthermore, no great harm will 
ensue if target velocity differs significantly from the velocities for which the 
sight rings were designed. 

On the contrary, if the gunner is planning to use tracking fire on the target, 
he must allow for lead for target velocity with the utmost accuracy, and therefore 
- use the most accurate sighting method, since tracking fire involves the passage 
of all projectiles through a point which remains at a constant distance in front 
of the target , ' which must equal precisely the required linear lead. Therefore, 

H ** the gwmer has ^accurately calculated lead, and made it smaller or larger than . 
i the one paired, the projectiles will pass either in front or in back of the 
j target for the entire duration of fire. This can only happen, of course, if no 
J tracers are released at the target. If they are, the gunner mey introduce the 
needed corrections on the basis of their traces.® 

| For tracking fire, the best method of sighting is that of arbitrary units, 

~j since the gunner can hardly sight by computation. 

1 m pra ctice fire on tsrget cones, whether tracking or barrage, erect ccmput- 

1 ation employed. In barrage fire, the lead obtained through computation 
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must be doubled. It ie better, however, if training consists of the use of the same 
methods as will be employed later in aerial combat. 

In fire from fixed pieces, sighting is accomplished by the motion of the plane 
itself, and the pilot is required not only to sight correctly, but also to guide 
the plane correctly while sighting and firing. To prevent the deflection of the 
projectiles, the pilot must act in time to prevent slipping after the roll-through 
on the target, and select his angle of bank properly. While setting his sight, he 

SMt STo4d ^ stick or pedals that might lead to wobbling «• 

shifting of the point of aim. 

After an attack on an aerial target, the pilot must maneuver either for a 
second attack or for break away. The maneuver must be executed with the object 
of attaining maximum angular velocity relative to the enemy plane, while reducing 
to a minimum the surface exposed to enemy fire. Within the effective area of 
the enemy’s pieces, the pilot must avoid rectilinear flight, and break away, to 
the extent that he finds it possible, in the direction of the enemy’s blind angles, 
maneuvering both in altitude and direction and slipping. 

Zlu How to Fire on Ground Targets 

Attacks on ground targets are usually performed by strafing aircraft and 
interceptors, firing frcn forward fixed machine gun and cannon installations. 




Approach to target 


Fig. lltf. Surprise attack on a ground target is acheived by concealing approach. 
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Ground targets are very rarely fired upon from mobile installations. The success 
of an attack on a ground target depends primarily on the suddenness of this attack. 
Suddenness, as in attacks upon aerial targets, is acheived by a concealed approach 
to the target from the side of the sun, from behind clouds, or by contour flying, 
using ground relief and background as protection. The direction of attack, angle 
of dive and ranges at which fire is opened and stopped depend on the nature of the 
target under attack and are decided upon the basis of combat experience. 

Attacks on pin-point ground targets, unprotected or poorly protected armored 

- Tohicles are ca "led out from altitudes of 600 to 600 m at angles of dive of 15 to 
-- 30 degrees * “ the pnot °P ens flre at “ altitude of 300 m, i.e. at a range of the 

order 600 and ceases fire at an altitude of 100 to 200 m, i.e. at a range of 

- 200 t0 U0 ° m » he has 2 to 3 seconds for firing. Beginning the attack from a range 
of 1200 to 1600 m ensures sufficient time for aiming (an interval also of the order 

J 2 t0 3 SeCOnds) > SlDCe at “* les of di ™ exceeding 30 degrees, the speed of the 
7: plane increases at a relatively slow rate. This is the technique used in firing 
^ upon small groups of personnel, isolated planes on the groual, isolated vehicles, 
firing installations, etc. 





1 ^ 0 © Attack on pin-pcint ground target. 

If anti-aircraft defenses exist in the area of the targets to be attacked, 

■ the. attackers may suffer heavy losses from enemy anti-aircraft firs, unless special. 
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evasive actioa is employed, since dives at small angles involve only sloe changes 
in speed and altitude and the sighting of anti-aircraft guns and machine guns is 
thereby facilitated* Evasive action consists in the pilot changing his altitude, 
direction and speed of flight when approaching the target. If the pilot notices 
explosions of anti-aircraft shells to one side of his plane, he may use one af the 
moro common maneuvers in this case, consisting of turning in on the burst clouds, 
since the anti-aircraft gunners, upon noting that their shells explode to one side 
of the target, will introduce corrections in their firing and set their sights over 
in the direction of the target. As, by then, the target will have moved, the shells 
will explode on the other side of the plane. This maneuver Is easy to see through, 
and the enemy on the ground may actually fire a second salvo without correcting his 
aim, in which case the airplane will find itself in the zone of fine. 

a 

Many pilots use a maneuver consisting of alternating turns towards and a w ay 
from the anti-aircraft explosions, such as, for example, twice towards and the 
third a way, or seme such combination. This confuses the anti-aircraft gunners and 
prevents them from predicting which side the plane will turn to as they prepare 
to fire their next round. In evasive action, variety is extremely important. Course 
and altitude should be varied. The combination of all these techniques allow 
turning in on and attacking the target. The danger of being knocked out by the 
anti-aircraft defenses of the enemy is at its highest at the very moment of attack, 
when the plane must fly in a straight line. If the angle of dive is small, i.e. 
if the speed and altitude of the plane vary slowly, the danger is increased. To 
keep dewn losses from enemy anti-aircraft fire, attacks on ground targets may be 
made from altitudes of 1000 to 1500 m at angles of 50 to 70 degrees. Fire on a 
plane diving at as great an angle is made difficult because both the speed and 
altitude of the plane are changing very rapidly. In the circumstances, however, 
the sighting and firing from the plane are also made difficult, s ince the pilot 
' disposes of very little time for carrying cut his combat assignment# Furthermore, 
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apart from the fact that the speed of the airplane Increases very rapidly and then 
decreases sharply, the pilot has to take the plane out of the dive at a higher 
altitude, as loss of altitude upon coming out of a dive is greater when the an&e 
of dive is greater. 

On the basis of these considerations, attacks from low altitudes are recom- 
mended. In these, the attacker airplane approaches the target by contour flying, 
concealing himself against the background of the terrain, then jumps to an altitude 
of 200 to 300 m at a distance of 3 to k ka from the target, and attacks the latter 

! 6 

at a small angle of dive from that altitude. 

when attacking a pin— point wioreu target, firs should he opened at the close ot 
possible range and at whatever angle will cause the shells hitting the target to 
^penetrate its armor. 

Vehicle columns should be attacked from the rear or the side. Each vehicle 
should be aimed upon separately. The head and rear of the column should be attacked 
first, so as to arrest the movement of the column and prevent individual vehicles 
from turning back. After the end vehicles have been put out of commission, attacks 
should aim at destroying the column. Since vehicles are generally spaced at relati- 
vely wide intervals, continuous fire along the entire length of the column is not 
advised. Uninterrupted fire along the length of the column is permissible when 

convoys are involved, since transport vehicles are likely to follow one another at 

4 0 I 

close intervals* 

42 J 

j Tank columns should be attacked in the same manner as separate tanks, e.g. 

44 U I 

from the back or from the side. Sighting and firing should be directed at individtdL; 

4 6 ] ! 

__ “tanks. 

48—| 

! Infantry columns should be attacked from low altitudes at small angles of dive. 
50—j | 

At such angles, the area under fire is increased considerably as a result of bullets 
52-1 1 

—and shells ricocheting from the ground. j 

64.. . | 

—1 In attacking railway transport, the locomotive must first be put out of c<aw- \ 

56.. , . ! 

102 | 
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mission} then the halted train may be destroyed by repeated approaches. 

Fire on large ground targets should be opened at a range of 600 to 800 m 9 
and directed at the more important and vulnerable portions® 

To time his dive and give it the correct angle, the pilot must be able to 
accurately determine the moment at which he is required to begin his dive. This 
determination is made difficult by the fact that, when the plane is in levej. flight 
the target is hidden under the nose of the plane and cannot be seen by the pilot. 

To begin the attack in time, the pilot must either select a clearly visible land— 


+-he t-arcre-fc, and. 


when this landmark moves into a certain position relative to the leading edge of 
the wing, begin his dive, or else, approaching the target so that it lies to one 
side of the plane, begin his attack with a turn-in on the target. In sighting at 
and firing on ground targets, the pilot must, as in fire upon aerial targets, 
guide his plane smoothly, avoiding jerky movements of the controls and wobbling. 

Break -aw ay must be performed with equal skill, since at that moment the plane 
is most vulnerable to anti-aircraft fire, since its lower surface, i.e., its most 
extensive one, is exposed. 

Break-eway is best performed by means of a sharp climb and a slight turn, or 
by contour flying with change of direction, and a subsequent climb outside of the 
range of enemy anti-aircraft fire. 

If the target is attacked repeatedly, the maneuver should be varied, since 
otherwise the enemy may succeed in setting his fire and knock out the attacker 
I plane. If upon one occasion the plane breaks away with a turn to the left and a 
j climb, the next time it should turn to the right, and the third time leave the tar- 
get at leer altitude. 

War history provides examples of a pilot repeatedly turning off the target in 
the same direction and thereby allowing the enemy to set his guns and shoot dewn 


the attacker. 
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I 11 firing upon aerial and ground targets, it is most important to develop 
strongly ingrained responses in sighting and firing, which may be acquired only 
a result of serious and systematic training. 

Chapter XIII 

DISPERSION OF FIRE 

75. Dispersion and Its Causes 


Up to now all o»r di.eone«i.one of Righting «nd firi r » ar have been based on the 
assumption that, if the piece is properly boresighted, and if the pilot or gunner 

_ sights accurately, the trajectory of the projectile must pass through the target, 
and that, if the first shell in a salvo reaches the target, accurate sighting will 

— - likewise cause the other projectiles to hit the target. In actuality, this is not 

— so. Even if, when firing on the ground, we set the piece in a fixed position and 
fire separate shots at a flat target, we will find that the target will have as 
many perforations as there were shots instead of a single perforation, as we might 
have been lead to expect. This means that projectile trajectories do not coincide 

— but form what is called a sheaf of trajectories, which cluster around a specific 
imaginary mean trajectory. The perforations in the target also cluster around a 

— specific central point, termed the mean point of hits, or center of dispersion. 

— .This central point may be considered as the perforation caused by a projectile 


I following the mean trajectory. j 

-4 The phenomenon of the scatter of hits on the target or the deviation of trajecJ 

— ■ tories from the mean is called dispersion* If fire is from a rigidly set piece, the; 
4 8 — i i 

— ! causes of dispersion are inequalities in the gunpowder charges of the shells, uneven- 

- , ness in the weights of the shells, changes in atmospheric conditions from shot to 

52— | • I 

-shot, vibrations of the barrel, recoil and other factors- ! 

, — j These causes cannot be allowed for in advance, nor can they be corrected* I 
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Fig. 151. Firing from the same gun without altering aim produces a sheaf of trajec- 
tories, which cluster around a particular mean trajectory. 

They are therefore termed chance causes. 

If the gunner is firing manually, to there causes must be added the shaking of 

— the gunnels hands, his heartbeat, wavering of the piece due to the gunner* s breath- 

! ing f variations in aim, stronger differences due to recoil, etc. 

In firing frcm an airplane in the air, still other causes may be added s vibra- 

tion of airplane parts and firing installations, minor fluctuations In flight course 

5 - 'I 

. and the decrease in accuracy of sighting due to its complexity. In firing salvos, 

Zj the piece may be moved from its setting in the vertical or horizontal planes. , 

The sum total of all these causes results in a considerable scatter of the j 

2 | 

— j projectiles from shot to shot, with consequent sharp decrease in^the effectiveness j 
— j of fire, at times even to the point of making It negligible. i 
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At first blush, it might seen that dispersion is not subject to any regulari- 
ties and cannot be all cured for in advance. However, such is not the case. The 
distribution of chance values is subject to definite regularities, which may be 
studied and pa* to use or taken into account in practice. Having studied these 
regularities, the gunner or pilot is in a position to judge beforehand, even before 
— . he begins firing, the possibilities of hitting a specific target under given condi— 
tions of fire. 

What then are the laws governing dispersion? 

76. The Law of Dispe rsion 

— If we fire a few shots at a target and then attempt to find some kind of 
H regularity in the distribution of the hits, we will fail: their positions will 

— appear to be entirely haphazard. 

— i However, if we fire a large number of shots at the target, the punctures will 

— shew a definite distribution. It will immediately be noticed that the area in 

__ which the punctures occur is limited. It can also logically be proven that it can 
~ ncyfc be infinite. However poor the gunner, he will never allow, at a range of say 

— 100 m, a deviation of the bullet frem the sight bead exceeding, for example, 2 m. 

-- Consequently, if the gunner fires a large number of shots, an area of h x U m will 

— gradually be filled with hits. This filling of the area will not take place evenly,; 
— j and thG points of impact will tend to cluster in the center of the target and to 

___! thin out toward its edges. After a very large number of shots has been fired, the i 
„_| area of hits will have gradually assumed the shape of a circle or elipse flattened 
— . vertically or horizontally to varying degrees. 

— Points of impact in the dispersion area are distributed symetrically in rela- 
tion to the dispersion center. If we draw a vertical and horizontal line through 

^ ~ the center of dispersion the points of impact will occur in equal numbers on both 
c^~j s * des • Ac * 1 of these lines. These lines are called, respectively, the vertical i 
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and horizontal axes of dispersion# 

The regularity observed in the distribution of points of impact in the diaper- 

sion area is called the law of dispersion. 

If .e draw straight lines on either side of the vertical and horizontal axes 
of dispersion and make them parallel to these axes in such a manner that the re- 
sulting strips include 25 percent of the total number of impacts, the entire disper- 
sion area will include 8 such strips of equal width in the vertical direction, and 


8 in the horizontal. If we count the 



__ Fig. 1 S 2 . Hits cluster in an area hav- Fig. 153. Each one of the eight verti- 
ing the form of an ellipse. cal and horizontal zones of the ellip- 

-| sold of dispersion contains a definite 

H 

~j percentage of hits. 

c 

"1 The two strips adjoining the axis of dispersion contain the larger portion of im- 
J pacts, as hits are concentrated in these bands. One half of the width of the band 
j containing the larger half of the inpacts id called the horizontal (or vertical, 
d epending on its position) probable deviation. 

“1 Probable deviation ie repreeented by the letter B# 
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To indicate the direction in which probable deviation is taken, the following 

a^bols are used, B y for probable deviation in height, B(J for probable deviation in 

range, and B, for probable lateral deviation. The width of the area of diaperaion 

7 C ° ntainS 8 tandS * e8Ch eqUal to one P^b^le deviation in width and is therefor, 
designated as 8B. 

At theip “ lo " S - the and horizontal bands fo» quadrangles, 

: each one of which contains a definite percentage of hits. This percentage is not 

l dlmCUlt t0 0alCUlate - fOT W. a quadrangle is forced by the intersection 
J b8ndS C ° ntainlag 16 Percent and ^ percent of hits, the quadrangle will contain 
: I£ percent of 7 percent of hits or 7 percent of 16 percent of hits. To find 16 
_ percent of 7 percent, one Must divide 7 by 100 and multiply by 16, or, to find 7 
percent of 16 percent, one must divide 16 by 10O and multiply by 7, i.e., in both 
cases the two figures are multiplied one by the other and divided by 100. 



_Fig._J.5i,. Probable deviations laterally Bfc, in height * 


and in range 
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In this case, the percentage of hits in the quadrangle will equal 

16 y 7 „ 1.12 percent. The percentage of hits in the other quadrangles may be cal- 
100 

cwlated in the same way. 

In this way we will obtain a grid giving percentages of hits for each quadran- 
gle. This grid is called the scatter grid. 

. J A scatter grid may be drawn up also on the basis of another principle. If we 

take vertical and horizontal strips in the ellipse of dispersion, these strips co- 
inciding along their medial edges with the vertical and horizontal axes of disper- 
csid containing ?0 percent of *11 hit**- will find that there are three such 
3 strips within the ellipse in the vertical and horizontal directions, and that the 
peripheral strips will each contain 15 percent of all hits. At the intersection of 
the middle stripe at the center of the ellipse we have a quadrangle cont ainin g 

70 x 70 . U9 percent or, in round figures, 50 percent of all hits. This quadrangle 
100 " 

containing that half of hits that shows the greatest clustering and is closest to 
_ the center of dispersion, i.e., the better half, if called the heart. 

The heart may be imagined as an ellipse, an slag on s to the full ellipse of dis— 
persion, or as a circle around the center of dispersion whose radius is such as to 
describe a circumference enclosing the better hfilf of all hits. The radius of this 
3 circle is called the probable radial deviation. 

_ The dimensions of the ellipse of dispersion, and therefore the dimensions of 

1] the heart, depend on the quality of the weapon, the skill of the gunner, range to 

~\ target, the complexity of the factors taken into account in sighting, meteorologi- ; 

; 

I cal conditions and other causes. 

I 

However, the si*e of the ellipse of dispersion cannot fall belcw a certain 
| minimum value which depends on the weapon and its installation. 

In actual calculations; of the magnitude of dispersion, the deviations in 
-~j height and laterally are assumed to be equal, i.e., the surface of dispersion is j 


assumed to be a circle. Practice has established certain norms for dispersion 


109 
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Fi&* 155. Scatter grid* Each square 
contains a definite percentage of hits* 



and these norms may be attained by a 
gunner with average training. 

The better the gunner's training, the 
better he knows his weapon and his sight, 
the more thorough he is in the upkeep of 
these, the greater the care with which he ‘ 
stores his ammunition, the better he is 
trained in sighting and firing, or, if he 
is the pilots the better control he has of 
hi- airplane, the smaller probable devia- 
tion will be when firing. It may in fact 
be said that the magnitude of the area of 
dispersion depends mainly on the gunner. 


^.Probable radial——^ 
deviation / 



Circle, containing the more 
successful 50% of hits 


Fig. 157. Probable radial deviation* 


Fig* 156* Heart bands and heart of 
ellipsoid of dispersion* 
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17 • Compactness and Accuracy of Fire 

The skill of the gunner in firing may be judged from the size of the ellipse 
j ° f dis P ersion * more uniform the aim of the gunner, the better he is able to 

concentrate his hits in the smallest possible area, the more skillful may the gunner 
be said to be and the greater will be the so-called compactness of his fire. 



Fig ' l58 * -cenpactness and accuracy of fire, a- compact, but poorly aimed fire,- b- 
well aimed, but scattered fire* c- well aimed and compact fire. 

In addition to chance causes which result in the usual dispersion, there exist 
' -- a l so constant factors affecting equally the flight of projectiles in a given series. 
- — |Among such causes can figure a wind constant in direction and strength, a defective 
•l.;._jsight, etc. These causes deflect the course of the projectiles in a constant direc- 
tion and a constant amount. Under the action of constant causes, the entire 
,0_j«heaf of trajectories is deflected in the direction in which these causes are acting 
5 zf TCa the pOSition whioh “ woold otherwise occupy.. Constant causes do not affect 1 
- dispersion, but merely shift the entire sheaf of trajectories In a given direction. 

The effect of constant causes on the accuracy of fire may be counteracts by the j 

introduction of correspon ding corrections into the device used in sighting or in the 1 
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process of sighting itself*. 

If it is not possible to eliminate the cause of the deflection of the entire 
sheaf of trajectories* this deflection may be counteracted by changing the setting 
of the piece by moving it a certain angle in the direction opposite to that of the 
deflection. 

The correct orientation of fire which must be combined with compactness is 
called accuracy of fire. 

In accurate fire, the mean point of hits or’ dispersion center must coincide 
with the center of the target, while the dimensions of the ellipse of dispersion 
must be reduced to a minimum. 

Thus, accuracy of fire depends both upon chance causes affecting the magnitude 
of dispersion and upon constant factors affecting the position of the center of dis- 
persion relative to the center of the target. 

To achieve accurate fire, the gunner, in addition to sighting in a uniform 
manner and thereby decreasing dispersion, must also be able to take into account 
and eliminate constant causes deflecting the dispersion center frcm the center of 
the target. 

78. Probability of Hitting Target 

If we know in advance the dimensions of the target and the dimensions of the 
area of dispersion, we may estimate the effectiveness of fire on that target. Let 
~ us assume that we are firing frcs a pistol at a wall measuring U x U m at a range 
j ^ 25 m, aimi ng at the middle of the wall. It is obvious that in this case the 
size of the ellipse of dispersion cannot possibly exceed the size of the target, 
and that each shot will reach the target. This means that if the size of the tar- 
J ge t exceeds that of the ellipse of dispersion all the projectiles released at the 
target will hit it. 

Under the practical condition- of fire <m aerial and ground targets, target 
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dimensions are considerably smaller than those of the ellipses of dispersion that 
correspond to given conditions of fire, and for this reason only sane of the bullets 
released at the target will reach it. If, for instance, target dimensions are such 
that the target occupies an area exactly coincident with the heart of the ellipse, 
only 5>0 percent, i.e., half of the projectiles aimed at the target will reach it 
and that only on the condition that a large number of shots is fired* 

It should not be assumed that if four shots are fired at the target two of 
them will necessarily hit it. Of all the projectiles fired at the target, 50 per- 
cent will reach it only after a large number have been fired, say 100 or more. 
nWthwf single projectiles hit the target depend® on chance, and it may be that all 
of our four projectiles will hit the target or that all four will miss it, or that 
only one will hit the target, in which case it will constitute not 50 percent, but 
25 percent of those fired. 

Therefore, in firing upon a target whose dimensions are analler than those of 
the ellipse of dispersion, the possibility of hitting the target with a specific 
number of projectiles can only be estimated with a certain degree of probability. 

The greater the dispersion, the smaller the dimensions of the target and the greater 
the deflection of the center of the ellipse of dispersion relative to the center of 
the target, the lower the probability of hitting the target. 

Let us call the probability of hitting the target the expected percentage of 
I projectiles that hit the target of all those fired at it on the condition that a 
large number of shots be fired. 

] We must immediately note and remember that the actual percentage of hits in 

firing will always differ from the probable percentage of hits and only if a very 
large nuafoer of shots is fired will the actual and probable percentages of hits 


"d 

52-4 



coincide. 

In contradistinction to the probability of hitting the target, the actual 
‘percentage of hits is termed frequency. 
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Let us assume that a card is taken out of a pack at random. The question asked 
is whether the card removed will belong to a red suit. Since the pack contains an 
equal number of cards of red and black suits, it is obvious that it is just as like- 
ly ‘that the card removed would be red as that it would be black. This means that if 
— j we repeatedly removed cards from the pack and put them back each time, half of the 
cards picked will be red and the other half black. In other words the probability 
of picking a red card equals one half. If the number of experiments is limited, the 
frequency will depend on the dumber of these experiments and the smaller this number 
__ the more frequency will differ frrm p robaMlity* 

Let us assume that we pick a card only once. The card picked may be red or 
_ black. In the first case the frequency with which a red card will appear will equal 
unlt y or 100 percent. In the second case frequency will equal zero, and therefore 
frequency will in no way equal probability. This implies that one single experiment 
— ; is not sufficient grounds for any conclusion as to the laws governing the occurence 
- of a particular phenomenon (in this case, the appearance of a red card). If we pick 
-- a card twice in a row, we may legitimately expect that one of these cards will be 
__jred, the other black, since the probability of both kinds appearing is equal. It 
— jttay happen, of course, that one of the cards will be red and the other black, but it 
— imay also happen that they will both be either red or black. In the first case, the 
_h frequency of appearance of the red r.ard will equal the probability, and in the 
— j second case it will equal unity, i.e., 100 percent, and in the third case it will be 


— If we pick a card ten time6 consecutively, it is not very probable that all 

A n 

— ten cards will be of the same color. In other words, the frequency of the appear- 

4 3— 

— ance of red cards will be equal neither to zero nor 100 percent but will approach 

— 50 percent closer them it would in two or three experiments, 

52 — 

— If we pick a card one hundred times it is already quite impossible that the 

— hundred should either all be red or black. The number of cards of both colors will 

56 _ 
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be very close to 50. ATter a very large number of experiments, th* percentage of 
red cards picked will equal that of the black cards. 

Applying our reasoning in the field of aerial gunnery, we may say that if the 
probability of hitting the target is known to us, the number of actual hits will 
equal the probable number only if a considerable number of shots is fired. For a 
small number of shots, the number of actual hits may be above or below the expected 
number. 

Why then should we bother with this question, if the number of actual hits will 
differ from the number expected and if a knowledge of the probability of hitting the 
target is in itself no indication as to whether the target will be hit or not? 

It has been found that the ability to calculate the probability of hitting the 
target allows the solution of a whole series of practical problems, particularly in 
bombing and firing. 

If the probability of hitting the target is known, it is always possible to 
estimate approximately how many projectiles will be needed, how many approaches to 
the target should be made and how many airplanes should be assigned to knocking out 


the target. 


^di spersion 


I t Circle of dis- If, for instance, the probability of 

/^persionX 

( t ar g et \ hitting the target under given conditions 

7 of fire equals 5 percent, and if no less 

Ns — - 1 — ^ than 6 hits are needed to knock out the 


Fig. 159. Probability of hitting the tar- target, it will be necessary, in order to 
“ get. a- if the dimensions of the target hit the target even with one projectile to: 
~ exceed those of the circle of dispersion, fire as many times as 5 percent goes into 
I all projectiles hit the target; b- if the 100 percent, i.e., 100 . 20 times; to have, 
dimensions of the target are smaller than 6 projectiles hit, it will be necessary to 
-those of circle of dispersion, only seme fire 6 times as many shots, i.e., 20 x 6 = 
-projectiles hit the target in that case. 120 shots. If, in the course of a single 
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«. «— r m. — 30 m, ..... *• -»» *» 

W .« ». plane -» U ^-1— " ““ 1 ’ l “" ““ 

, , attack it may happen that the target will be knocked 

In the actual course cu attacK, ix may 

V Kn+ it mav aleo occur that even 5 approaches will not 
out in the first approach, but it may also occ 

. whAlB gerleg of chance causes which cannot be predicted, 

suffice. This depends on a whole series 

^ 1, ». * ....... 1. k ^ “ 

" « „.™.. «. 6 hits .. th. t«.t. 

♦*. ntimVjer of hits required to knock it out allow necessary 

niXting XII e WMgbe -e-- - 

preliminary calculations. 

It may also be noted that the standards used in evaluating practice fire are 

also derived from the theory of probability. 

On what, then, does the probability of hitting the target depend? 

The probability of hitting the target depends primarily on the relationship 
I between target size and the size of the ellipse of dispersion. *. jester the area 
of the target, the greater the probability of knocking it out. 

The probability of hitting the target will decrease if the center of the 
:: enipse of dispersion moves relative to the center of the target. When there are 
H no constant causes tending to shift the entire aheaf of trajectories in relation to 
J the target, or when such constant causes are taken into account by the gunner, the 
~ ^ center of dispersion coincides with the point at which the gunner is aiming to dir* 
° r ; the flight of the projectiles. If the gunner is not aiming his projectiles at the 
H center of the target, or if he has not allied for constant factors deflecting all , 

' C1 trajectories from the center of the target, then the center of dispersion will shift 
lf " away fro. the center of the target and the target itself will be moved to those 
t8 1 parts of the ellipse of dispersion which receive smaller numbers of hits. If it ( 
H happens that the center of dispersion is situated outside of the boundaries of th. ; 
5 H target at a distance equal or greater than U probable deviations, not a single | 
5 * i projectile will hit the target. Thus, the probability of hitting the target j 


Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 








Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 


The center of disper- 
sion coincides with the 

center of the target The target is 

The dfenter of dispersion outside the 

~i fails to coincide with circle of 

| the center of the target """] dispersion 


L 


Probability of hit- 
. ting the target r ^ 


Probability of hitting Probability of 

th» t.aroAt P _ < D_ k'* *■•••;«» *-l>« 

<o-~ - Z - x — o 

target Pj s 0 


j Fig. 160. As the center of dispersion is shifted away from the center of the tar- 
j get, the probability of hitting the target decreases. 

depends not only on the dimensions of the target relative to the dimensions of the j 
ellipse of dispersion but also on the position of the target in the ellipse, i.e., 

J on the extent to which the center of dispersion is shifted away from the center of 
. the target. 

Numerically, the probability of hitting the target may be expressed as the rela- 
tion between the number of projectiles hitting the target and the total number of 

-projectiles released at it. Thus, if we say that the probability of hitting the ; 
J i 

J target is l/U or 3/5, this means that in the first case of every U projectiles re- 

-leased at the target one, on the average, will hit it and, in the second case, out j 

-of every 5 shots 3, on the average, will result in hits. All this, of course, 

applies only if there is a large number of shots. j 

The probability of hitting the target may also expressed as a percentage. To 

do this we need to know the percentage of projectiles that hit the target as ccra- 

— i 

pared to the total number released. In our examples, the denominators of the frac- j 
tione-etand- for the total number of projectiles released, i.e*, 100 percent, «wb±le--j 
»-bf miipyrfltora represent the number of projectiles that have reached the target^ 1 
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i.e., p percent. By converting the proportion, we get, in the first instance. 


£ “ * whenc ® p « 1 100 ■ 25 percent. 


and, in the second case. 


|- = | » or P = 3 ioo s 60 percent. 


ihus, a probability of hitting the target equaling 1 A is the seme as a proba 
bility of 25 percent, while a probability of 3/5 is a probability of 60 percent. 

The probability of hitting the target expressed in percentages is called the 
probable percentage of hits. * 

If the ma*«r of shots fired is small, a knowledge of the probable number of 
~ hltS dOCS n0t all0,, Predlctlng the ejects of fire, but does allow a somewhat 
:: rellable estlj " ate °f the ™»Per of hits for a given number of shote at the target. 
In order to judge the possibility of knocking out the target with a given 

number of shots, it is necessary to be able to determine the probability of hitting 
. the t arget . 

79._ How to Determine the Probability of Hit t ing the Target is Aerial 

The probability of hitting the target may be determined on the basis of the law 
of dispersion, the size of the ellipse of dispersion, the si,e of the target and the 
-.position of the center of dispersion relative to the target. 

- There are several methods for calculating this probability and the one used 
-depends upon the shape and the size of the target. 

Ij The most accurate, and at the same time the most cumbers®,., is the stalled 
-method of probable deviations. In estimating the probability of hitting the target 
; by this method ' “ is “sumed, for the sake of simplicity, that the area of diaper- 
jsion in a plane perpendicular to the direction of fire has the form of a circle, and; 
;that the center of dispersion coincides with the center of the circle, 
j T ° d8tSn5ir ” the P r <*ability, it is necessary to know the projection of targetT 
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dimensions on the surface of the circle 
of dispersion. If we draw the target 
(in the perspective in which it is seen 

Probability of hitting 

— j b 7 the gunner) and the scatter grid on 

1 —^r— 83,116 scale, and superimpose the 

^ 1*1 scatter grid over the target in such a 

r j wa y that the point of intersection of 

I ^ / the dispersion axes (i.e., the center of 

circle of dispersion) coincides with 

Flg * l6l# 1116 P robab:L lity of hitting the the center of the target or with the 

target may be determined by superimposing point of aim on the target, we may then, 

a scatter grid over the target. by adding the percentages for the qua- 

drangles covering the target, calculate 

- the total P robable percentage of hits on the target. The percentage for each qua- 
drange must be taken In its entirety if the quadrangle covers the target in its en- 
tirety and in part if the quadrangle covers the target in part, the part depending 
upon the extent to which that quadrangle covers the target. The dimensions of the 
.target are usually known with a certain degree of accuracy, while the dimensions of 
the ellipse of dispersion may be taken frco a special table in accordance with the 
“ COndit - ons of the attack and the range of fire. To draw the scatter grid, a square 
is required, measuring 8 probable deviations vertically and horizontally as deter- 
mined from a table j this square should accordingly be divided into 8 horizontal and 
j vertical bands, and the corresponding percentages of hits entered in the 6i, result- 

_!ing squares. 

_ j 

In cases where the target fits entirely in the heart of the circle of disper- 
sion, the so-called heart method method is used. In this method, it is assumed that' 
impacts are evenly distributed over the heart surface and that the percentage of 
;nius on the target will be mailer than the percentage of hits in the heart area 
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Fig* 162. If the target fits in the 
heart of the dispersion area, the 
_ probability of hitting the target 
may be found by comparing the sur- 
_ faces of the target and of the 
heart* 



as to exceed the diameter of the circle of 
dispersion, the probability of hitting it 
may be found by reference to the heart band 
or by the calculation of probable deviation* 


by as many times as the surface of thetargefcis smaller than that of the heart* 

If the target is of such a length as to exceed the diameter of the circle of 
dispersion, while its width is inferior to the width of the heart band, it is possi- 

3 6 :ble to estimate the probability of hitting the target by the heart band method. In 

3 ^ this case as well, it is assumed that impacts are evenly distributed in the heart 

4 o. band and that the percentage of hits on the target will be smaller than the per- 

i ; 

centage of hits in the heart band by as many times as the surface of the target is j 

I 

mailer than that of the heart band* As examples of such long targets, we may cite j 

i 

railway transport, infantry columns, trenches, convoys, etc. 

The probability of hitting the target does not in itself determine the number 

5 0—4 of expected hits, which depends rather upon a series of other causes and conditions j 

5.3 — I of fire. j 

i 

. 6 "j i 
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'8Q» How to Determine the Number of Expected Hite on the Target 


It is possible to determine the number of expected hits on aerial or ground 
targets only if the number of bullets or shells released at the target is known and 
■ if it is known whether all the bullets and shells fired will be involved in knocking 
out the target. 

The number of shells or bullets released at the target from. an airplane depends 
on the time spent firing, the number and the firing speed of the machine guns and 


Cannons naH-i n-f •na+.-i r 


re Oil the target. The duration of fire 


-• depends in turn on the conditions under which the firing takes place. 

When firing on a stationary ground target or an aerial target at a foreshorten- 
ing of number 0/U, the pilot or gunner must use tracking fire until closeness to the 
.target requires the cessation of fire and break -away. All the shells and bullets 
releaseditien firing under such conditions may be involved in knocking out the target, 
— . When firing on a target whose f ore shortening is 2/U or more, the gunner or pilot 
i - .as we have already seen, can use only barrage fire in the form of separate salvos 
- and allowing the target to pass through the sheaf of trajectories at each salvo. In 
jo — fire of this type, not all the shells or bullets released may participate in knock- 
ing out the target, since the only ones involved will be those crossing the surface 
■ u ’ — of the ellipse of dispersion (situated at the same range as the target) at the time 
?„Jthe target crosses the sheaf of trajectories. The number of bullets and shells in- i 
A ‘ volved will be greater to the extent that the; interval of time spent by the target 
■- - An the sheaf is greater* in turn, the smaller the f oreshortening of the target, the 
4 8 —longer it will remain within the sheaf of trajectories, 

50__j Let us agree to call the bullets and shells of the salvo that may be involved ! 
52 Zr Ln out the target effective bullets or shells and represent their number \ 


By^Jcocwing the probability of hitting the target and the number of effective 
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bullets in the salvo, we may determine the average number of expected hits or, as it 
called, the mathematically expected number of hits. 

If all the bullets in a salvo are effective, the mathematically expected number 
of hits will equal the probability of hitting the target. If, for instance, this 
probability equals P and the number of effective projectiles in the salvo is N, the 
mathematically expected numb er of hits will be fcund by the following reasoning? 
the probability of hitting the target is the percentage of all bullets released that 
will strike the target; therefore, if the number of effective bullets if N, one per- 


cent of this figure will bs N 

i5b 

mat ic ally expected number of hits will be 

M. E. 


'TU4 <, 


+ V,o+ w»n+Vw* 


100 


; E*L 

100 


This formula is valid only in those cases in which the probability of hitting 
the target is equal for all billets. This can be true only when the target does not 
move in the trajectory sheaf perpendicularly to the direction of fire, i.e., when 
fire is on a stationary ground target or an aerial target at a foreshortening of 
O/li. If the target is crossing the sheaf of trajectories, the first effective 
IT ballet released will have an insignificant probability of hitting the target, since 
at the moment the target is only barely entering the ellipse of dispersion. Sub- 
sequently, the probability of hitting the target will increase for later bullets 
.. . ~ as the target approaches the center of the sheaf of trajectories, and will then de-' 
crease as the target begins to leave the ellipse of dispersion. Designating the 
' r “J probability that the first effective ballet of the salvo will reach the target by 
i' _J p^, that of the second effective bullet by pg, that of the third by P3, and so on, 
,<o | to Pjj, representing the probability for the last bullet in the salvo, we will ob— 

50U tain the entire probability in the form of the sum of the probabilities for separ- j 

— 1 ' ; 

52 — | ate ballets, jUei, 1 

- — P.Pl / P2 / P 3 / ••• PN # J 


1 22 



1 
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The mathematically expected number of hits will then be: 


M. B. m (PI / P2 / P3 / « 

200T 


N. 



Fig. i6h. Passage of target through a sheaf of trajectories. 

So as not to have to calculate the probability separately for each bullet of 
the salvo, it is assumed by approximation that the expected number of hits in a tar- 
I- get moving through the ellipse of dispersion is one half the number expected if the 
i target is motionless. 

M. E. _ 1 pg or M. E. gN . 

-J . " ? 100 200 

Z1 Thus, it is always possible to determine with a certain degree of accuracy 

Ilj the expected number of bullets in a salvo which will reach the target. It may be j 
d noted that ihe expected number of hits in barrage fire is found to be very snail. 

"d In conclusion, tre may note that all our reasoning concerning the trajectory of ; 

the projectile, set forward points and corrections for the effects of Various j 

j factors on the accuracy of firs must be considered, now that we know about disper- j 


52 — 
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sion as applying to the mean trajectory of the projectile, since no single trajec- 
tory can ever be calculated exactly due to the effect of chance causes. 

Here we will conclude our examination of fire on the basis of an allowance for 
absolute target velocity. The chapter on dispersion applies in full to cases of 
-■ fire on the basis of an allowance for relative target velocity, with only minor mod- 
■ ifications, of which we shall speak later. 

Let us now, then, pass on to a type of fire quite different frcm the one exam- 
ined already, and study the practical conclusions to be drawn frcm it. 


45 - 
4 8- 
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PART THREE 


FIRE ON THE BASIS OF ALLOWANCE 
FOR RELATIVE TARGET VELOCITY 

Wo now ro&ke the acquaintance of a specialized and very interesting branch of 
aerial gunnery, the theory of fire on the basis of allowance for relative target 
velocity. 

It is concerned with the solution of the same problems as those examined m xne 
first part of this book, but by means of an entirely different and highly original 
I approach involving an allowance for the apparent, or, to put it more simply, the 
I seeming, motions of the target and of the projectile. ^ 

' Taking into account this apnarent motion of the target, which does not actually 

" exist for the stationary observer, leads to quite unexpected and unusual results. 

" '.one cannot help but be surprised that fire on a target whose actual velocity and 
direction of motion are not taken into account at all can lead to results which are 
Jas accurate and as effective as when these factors are allowed for. 

It is indicative that, up to the present time, it has not been possible to de- 
ll sign an automatic sight which would take into account absolute target velocity, 
□while automatic sights designed on the principal of an allowance for relative target^ 
□velocity have been in existence for a relatively long time despite the fact that thid 
.□branch of the theory of aerial gunnery is relatively new. As long ago as 19U0, we j 
Hhad perfected the design of a sight which allowed for relative target velocity and 
3__kade use of a gyroscopic gauge of angular velocity. 

3 j Today, automatic sights are capable of reckoning relative target velocity and ! 

2 — jare widely used in the air force. These sights free the gunner entirely from the ; 
A Necessity of performing any kind of calculations. The gunner's task is reduced to-— 
'Lper forming a amber of purely mechanical acta which are learned through training. In J 
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sighting with the help of special training devices. 

i T ° the “ U " t th8t “ Si8ht «*. work of the gunner, its design be- 

, cca.es more explicated, the principles of its construction and operation beexe morel 
explex and the theoretical basis of its operation becomes hander to understand. J 

'-j GeneraUy ’ thS °° nCept ° f relati - 1- grasped with a certain amount of 

I diffl0Ult7 anri tHe °° nCnptS ° f relatl ™ and linear leads are frequently 1 

particularly hard to assimilate. 

we Will attempt to examine all the problems of fire on the basis of reckoning 

j rfilati " t2rgSt 75100117 -* COnSlder eaeh - in detail as it is introduced: 

What then is the nature of fire wl+ 
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Chapter I 


.RELATIVE TARGET VELOCITY 

| How to Find Relative Target Velocity 

j 

In the second part of this book we defined mechanical motion as relative motion. 
We established that the motion of any object may be observed only if it moves in 
:: rClStiCn ***** bodies " hlch arbitrarily assumed to be stationary, and we 
T ° 8lled absolute "»«<*> *<**« relative to bodies at rest. As we have already 
: stated, we cannot point to any body in the universe that is at rest. We occasionally 
I 0bS9rTe b0dieS Which a PP ear t0 ba ab rest, but anpearances are deceptive. Under 
terrestrial conditions, we may take the Earth as a stationary body, m the same 

I! may take the alr » the water in a stream, etc, as stationary bodies and 

agree to consider absolute any motion relative to there. 

V ThP solution of the problem of which body of those around us we may conveniently 

I C ° nSider ^ionary depends on ho- the problem of motion is posed. If, for instance, 
we are asked how many kilometers one ship will lag behind another after an interval 
: of two hours, if they are moving ih the same direction, one at a speed of 10 km/hr 
_. and the ° ther at a speed ° f 7 k “/ hr » « -ill gire the answer as 6 kilometers without 
J Stoppine to think * since in one hour one ship will lag 10 - 7 = 3 km behind the 
- other and will therefore lag 6 km in two hours, m this case we are not at all in _ 

J tsnested in the speed of the current relative to the shores of the river. We 

I eZ “ lnS the motLon ot the 8hl P is relation to the water, assume the water to be 
stationary, and agree to call absolute the motion of the ships relative to the 


= j If the question is asked differently, e.g., how much earlier the faster ship 

^ will reach a point situated at a distance of 60 km, we will immediately ask the j 

direction and speed of the river current. If. the speed of the current is 5 Im/hXiJ 
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and the ships are moving downstream, their speeds relative to the river bank will be 



respectively 15 and 12 km/hr and they will cover the entire distance in respectively; 
U and 5 hours and one ship will therefore have a lead of one hour over the ether. 

If the ships are moving upstream, their speeds relative to shore will be 5 
kra/h r and 2 km/hr and they will cover the distance of 60 km in 12 and 30 hours 
respectively and the difference in time will be 18 hours. 

This example shows clearly that in one case it is sufficient to consider motion 

rplat.lvo t.n the wat.r wVi HI o 4-X*» /-.+>»*»•** mo.. 4 4- 4 » ..... -~4 - 44. « « 

' * w J ~ w *-*•'-’* •*>•“’ — “ 

place relative to the river bank, i.e. s the Earth. 

In the first case, we may agree to call absolute motion relative to the water, 
and relative the motion of the ships in relation to one another. In the second 
case, the motion of the ships relative to the E a rth must be c ensidered absolute 
.. while their motions relative to the water and to each other must be considered as 
_ relative. The motion of the water and the river relative to the banks in this case 
is called transfer motion. 

In firing at ground targets fran the air, the motion of the target, that of 
the gunner’s own plane and that of the projectile are examined in relation to the 
Earth and considered absolute* Air motion (wind) relative to the Earth is a trans- 
fer motion, while the motion of the target in relation to the gunner’s plane is 
_ relative motion. 

In firing upon an aerial target from the air, the motions of the target, pro- 
j jectile and gunner’s plane relative to the air are considered absolute, and the air I 

j | 

is considered immobile, since its motion relative to the Earth has no effect on the ] 
fire. All motions relative to the gunner in aerial gunnery are termed relative 
motions. 

f 

To imagine relative motion, it is necessary to forget one's own motion, to 




stationary. 


ISIS tho mCtivruS Of all sun vuuuLig bodies 


Jin relation to oneself. If a gunner in an airplane in flight views a target which 
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is following hi® at a velocity equal to his <mn, despite the fact that both air- 
planes may be flying at very high speeds, relative target velocity, i.e., its velo- 
city relative to the gunner, will equal zero. The target is motionless relative to 

the gunner. 

Like any mechanical motion, relative target motion is characterised by its 
‘velocity. The velocity of the target's relative motion, or, relative target velocity, 
is the velocity at which the target moves relative to the gunner. Let us designate 
relative target velocity as v r . 

To clarify the concept and manner of determination of the magnitude and direc- 
tion of relative velocity, let us give a few examples. 

A passenger sitting in a railroad car moving at a speed of \ may think of the 
train's and his own motion relative to the Earth and the objects surrounding the 
train or he may assume that he is stationary and that the Earth and surrounding 
objects are moving toward him at a velocity of V-. In the first case, the velocity , 
of the train and of the passenger will be an absolute one and its vector will be 
oriented in the direction of the motion of the train relative to the Earth and will 
equal V r In the second case, the velocity of the surrounding objects relative to 

I the passenger will be a relative one equal in value to the velocity of the train but 
oriented in the opposite direction, that is to say, v r - 

If a second train is moving in the opposite direction with a velocity of v, 

I] then the absolute velocities of the passenger and the second train will equal re- 
i spectively ^ and -v, oriented in opposite directions. However, the relative 

II velocity of the second train, i.e., the velocity with which it is approaching the 
J passenger, will equal the sum of the numerical values of velocities ^ and v, and 

! W iu be oriented in a direction opposite to that of the motion of the passenger. , 
!l This is easy to establish if we imagine the passenger as stationary relative to 
I; the larths Then, so that the approaching train will have the same velocity as 
! previously stated, it must be imagined that the approaching train has increased 
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its velocity by the value minus v^, i.e., its relative velocity will equal its 
absolute velocity minus v added to the velocity of the passenger oriented in the 
opposite direction. 

To determine relative velocities for approaching motion, it is necessary to add 
to the vector of the velocity of approaching motion the vector of one’s own velo- 
city oriented in the opposite direction. 

If another train is moving parallel to the observer’s at a velocity of v 
oriented in the same direction as that of the observer’s motion, the relative velo- 
city of this train may be found by the following reasoning. If the velocity of 
both trains is equal, relative velocity v^ will equal zero, i.e., the train moving 
alongside the observer w ill be stationary in relation to him. If the velocity of 
the second train is less than the velocity of the observer’s train, the former will 
lag behind and its relative velocity will equal numerically the difference b etween 
velocities v and and oriented in a direction opposite to that of the observer* s 


a /Absolute ' 
^ velocity 


Absolute! 
Mi velocity J 


fActualabsol ute 
■* velocity 


u r *-V, p. /"Relative J 
m velocity' 


/Relative 

veloci ty' 


Fig. l6S>. For actual absolute motion. Fig. 166. Relative velocity of train mow* 

it is possible to substitute the rela- ing in opposite direction found by assum 

tive motion of surrounding objects in ing observer’s train to be stationary, and 


1 the opposite direction. 


oncoming train as moving at a v eloc it y t<i 
which the value of Vi has been added. 
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If the velocity of the second train is greater than that of the observer^ 
train, it will pass the latter and its relative velocity numerically will again 
equal the difference between velocities v and V * but oriented in the direction of 
the observer* s motion* 

Let us examine yet one more case of relative motion. Let ua assume that a 
j passenger in an autanobile is observing the motion of another automobile, moving at 
an angle to the direction of his cwm motion (Fig. 169). In this case, how do we 


Hiii ■ ■ 1 * ■ eiii iiii 

illlll jiiiiim 


111111111111 

l 

mil*: 




liiiiimiM 

imp* 


E 


jjjjjjji 

r 

dill*?; 


Fig. 167. A train moving in the same 
direction as the observer appears to be 


Fig. 168 . If the velocity of a train 
moving in the same direction as the 


moving in the contrary direction, if its observer exceeds that of the observer, 
velocitv is inferior to that of the ob- it appears to be slowly moving in the 


velocity is inferior to that of the ob- 
server. 


same direction as the observer is moving. 



find the relative velocity of the second automobile, i.e., its velocity relative to 
1 the passenger? 

5 ~ Let us assume that at a certain initial point in time the observer is situated 

sZ at point 0 while the automobile he is watching is at point C^. If the observer 
oZ were stationary, the automobile would need one second to cover the distance corres- 
2 — ponding numerically to its velocity and to arrive at point A 1# The relative velo- 

1 c it y of the would then equal its absolute velocity v. Let us assume 

G ~~ that after the automobile has moved to point A^ it stops, but the observer moves. 
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In one second the observer, having traveled the distance corresponding to his 
own velocity, will arrive at point and will see the automobile in direction 
; Such are the absolute motions of the observer and the autanobile* 

To find the relative change in position of the automobile, the observer must 
_J imagine himself as stationary and, as before, situated at point 0* Then it will 

1 ] 

! seem to him that the automobile is moving toward him from point A^ at a velocity of 

-V^, equal to the velocity of the observer and that in one second it travels the 
distance corresponding to this velocity and arrives at point C^* 

Since the motion of the observer and of the automobile takes place continuous- 
ly and simultaneous, it will seem to the observer that the automobile is moving 

Q __ : 

along line QjC^ at a velocity numerically equivalent to the length of that line* 

As a result of this change in position, the observer, who believes that he is 
located at point 0, will think that the automobile is visible in direction 0C^, 

whereas he is actually located at point and sees it in direction parallel 

to OC^* 

If we new examine these motions for a time interval of 2 seconds, when the 
second second has elapsed, the automobile will be at point A 2 , and the observer will 
i be at point and will see the automobile in direction B^Ag. But if the observer 

6 j 

does not notice his own motion, it will seem to him that the automobile has moved 
__ from point to point and that it is seen in direction 0C 2 . Ihis direction, 

0C 2 will also be parallel to the true direction to the automobile, BgAg. 

Thus, the relative motion of the automobile will appear to the observer, who 

> 

considers himself stationary, as taking place along line O^C^Cg, and the observer i 

will see the automobile, at first, in direction 00^ at point O^, theiv in one second, 

3 — i 

in direction OC^ at point C^, in two seconds in direction OC 2 at point C 2 , etc* 

— It should be noted that this relative motion of the automobile will appear to be 

2 1 

— taking place sideways to the observer, i.e., as he would see the motion of a tug 

4 : 

_ from a river bank when the tug is pushed sideways at an angle to its course by , 
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In one second the observer, having traveled the distance corresponding to his 
own velocity, will arrive at point and will see the automobile in direction B^A^* 
_J Such are the absolute motions of the observer and the automobile* 

. j To find the relative change in position of the automobile, the observer must 

imagine himself as stationary and, as before, situated at point 0* Then it will 
j seem to him that the automobile is moving toward him from point at a velocity of 
~V^, equal to the velocity of the observer and that in one second it travels the 
aist-ance corresponding to this velocity and arrives at point C^, 

Since the motion of the observer and of the automobile takes place continuous- 
ly and simultaneous, it will seem to the observer that the automobile is moving 
__ along line at a velocity numerically equivalent to the length of that line. 

7 As a result of thiB change in position, the observer, who believes that he is 

located at point 0, will think that the automobile is visible in direction OC^, 

. whereas he is actually located at point and sees it in direction parallel 


to 0C 1# 


52 - 

54 .. 

56 _ 


If we now examine these motions for a time interval of 2 seconds, when the 
second second has elapsed, the automobile will be at point A 2 , and the observer will 
_j be at point and will see the automobile in direction 62 ^ 2 * ^ °^ servor 

j does not notice his own motion, it will seem to him that the automobile has moved 
frcm point to point C 2 and that it is seen in direction 0C 2 * This direction, 

CC 2 will also be parallel to the true direction to the automobile, 

Thus, the relative motion of the automobile will appear to the observer, who 
considers himself stationary, as taking place along line O^C^C 2 , and the observer 
will see the automobile, at first, in direction 00^ at point O^, the% in one second 
in direction OC^ at point C j, in two seconds in direction OC 2 at point C 2 , etc* 

It should be noted that this relative motion of the automobile will appear to be 
taking place sideways to the observer, i.e., as he would see the motion of a tug 


from a river bank when the tug is pushed sideways at an angle to its course by 


132 


J 

*- 1 


i 
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wind or current* 

In the idiom of aerial gunnery we may new say that the vector of relative 
target velocity equals in magnitude and direction the geometric sum of the vector of 
absolute target velocity and the vector of own speed oriented in the opposite direc- 
tion* 

In other words, to find relative target velocity one must mentally arrest the 


Path of rela- 
> tive motion - 


c t ~jl 


Path of absolute motion 
of observed object 


Apparent directions^ 
toward object j 



True directions 


toward object 


Path of actual absolute.,^ 
~ motion of observer , 


| Fig* 169# The observer moving along path OB 2 believes he is stationary and situ— 

i 

ated at point 0, while the observed object appears to move along path where- 

Af. 

_ as its. true motion is along path 


motion of one's own plane and, having turned it around in the opposite direction, 
"give" one's own motion to the target. Then the geometric sum of target absolute 
velocity JUid . this "given" ’velocity will equal in magnitude and direction relative 
target .velocity. 
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- Fig. 170. The relative velocity of the target equals the geometric sum of the vec- 
tor of the absolute velocity of the target and the vector of actual speed, oriented 

in the opposite direction. 

j It should be noted that this method of determining relative velocity is re- 

quired only for theoretical purposes and that it is not necessary for the airborne 
4 gunner, since he sees only the relative motion of the target and has no need gecine- 
itric formulations. 

82. The Concept of Transverse Target Velocity and Velocity of Range Variation 


4 3 - 
50 - 


Observation of a target from a plane in flight involves a continuous variation ; 
of the direction of the line of sight and of, range to the target. If the motion of J 

i 

the target is such that its relative velocity is oriented along the initial line of j 
aim to the target or along the initial line of sight, the direction of the line of — 1 
aim will not vary with target motion and only the range to the target will vary. 


13U 
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If the relative velocity of the target is oriented perpendicularly to the initial 
line of aim, variation in the direction of the line of aim will be at a maximum 
while range, for all practical purposes, will not vary. Thus, the relative change 
in position of the target will be greater as the angle between the initial line of 
sight and the vector of relative target velocity approaches 90 degrees. At angles 
intermediate between 0 and 90 or 90 and 1$0 degrees, the relative shift in target 
position will be greater to the extent that the projection of relative target velo- 
city on a direction perpendicular to the initial line of aim is greater. This pro- 
jection of relative target velocity on the direction perpendicular to the initial 



line of sight i» called transverse tar- 
get velocity and is represented as Vp. 
Therefore, the rate of change of the 
direction of the line of aim depends on 
the value of transverse target velocity. 
We will see further on that transverse 
target velocity is very important in the 
calculation of the lead angle and par- 
ticularly in the setting of the lead 
angle by an automatic sight. 

The variation of range tot ar get 
also depends on the angle formed by the 

| 

vector of relative target velocity and j 


jFig. 171* The relative motion of the 
J target may be seen as motion as a velo- 
icity v along the line of sight, and a 

J d 

| velocity v^ along a line perpendicular 
to the line of sight. 


the initial line of sight, but in this I | 

case the more this angle differs from 
90 degrees, the more marked the varia- j j 

tion of range to target. If this angle | jj 

i 'i 

is less than 90 degrees, the range de- j \ 

creases; if it is greater than 90 j 
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degrees, range increases* 

Let us call the velocity of range variation the velocity at which range in- 
creases or decreases and represent it by v^. In other words, range variation velo- 
city Is the velocity at which the target approaches toward or recedes from the 
I; gunner* s airplane. When the angle between the vector of relative velocity and the 
_ line of aim to the target equals zero, i.e., when target velocity is directed 

straight at the gunner, range will decrease at a velocity equal to relative target 
velocity. If this angle equals 180 degrees, range will increase at that same velo- 
city. At intermediary angles, range variation velocity is equal to the projection 
~ + t arcat. iml nr.-i t.v on to the line of aim. 

VAC WiC VV/. “ - - O - ■ 

Thus, if we decompose the vector of relative initial target velocity in the 
direction perpendicular to the line of aim and parallel to it, we thereby obtain 
respectively transverse target velocity and range variation velocity* 

These two velocities fully define the motion of the target relative to the 
gunner. 

83* Angular Velocity of Target 

Let us imagine that we are observing a target frcm an airplane in flight 
through the sight of a mobile gun installation and that we maintain the pipper 
of the sight on the target. In order to have the target and the pipper coincide all 
the time, the sight must be turned to follow the target at a speed which will be 

4 ? "I i 

' greater to the extent that the transverse velocity of the target is greater and the , 

/ / ! 

I_j range is shorter. That is, if relative target velocity is directed toward the gun- ; 
°1 j ner or away frcm him, i.e., if the transverse velocity of the target equals zero, 

q _ 1 

J there will be no need to turn the sight at all and the target will remain at the 
pipper without the sight having to be moved. As the angle between the vector of ; 
-J relative target velocity and the line of aim approaches 90 degrees, the transverse j 


velocity of the target increases and the sight must be turned faster. As the range j 

136 . j 
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to target is increased, the speed at which the sight must be turned decreases. When 
we observe an airplane flying at very high altitudes, it seems to move very slowly, , 
since we need to turn our head only slightly to follow it. When the same plane goes 
by at a low altitude, it speed appears very high, since we have to turn our head 
: very quickly to follow its motion. 



Fig* 172. The angular velocity of the target equals the angle of the rotation of 
the line of sight in the course of one second, or the angle created by lines ending 
at the two extremities of the vector of the target’s relative velocity. 

The angle at which the sight turns in tracking the target defines what is 

_J called the angular motion of the target, while the angular velocity of the rotation 

■ of the sight defines the angular velocity of target motion. > 

4. i I 

I Let us call angular target velocity the angle over which the line of aim moves j 

within a certain unit of time. The angular velocity of the target may be imagined j 

.. ; as the angle over which a thread connecting the target and the airplane of the . 

-j gunner would move in a given unit of time* Since the thread in this case is, as it j 

-were, a radius of rotation of a length eqtial to the range to the target, while the ] 

J transverse velocity of the target may be seen as a linear circumferential velocity j 


i 
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Telocity of V 
t«get at long range 


\ Angular Telocity of 
'target at close range 


Fl £. 173. The 


angular velocity of the target is ± 


inversely proportional to its range* 


XAV 


Vn < Vg 

CUf< co 2 


Angular velocity of 
for V » V* 

* p P 


^Angui ar y.iTp — - 
“2 for vj .“S 


Fig* X7ii« Jhe angular velocity 


of the, target is directly 
al velocity. 


proportional to its later! 
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Chapter II 

HOT TO MAKE ALLOWANCE FOR RELATIVE 
TARGET VELOCITY IN FIRING 

8ii. Fire on Parallel Courses of Same Direction 

To gain a better understanding of the nature of fire with allowance for rela- 
tive target velocity, we will begin our study of this method by an examination of a 
few concrete examples, wnich we will then follow up with generalizations applying to 
any relative position of the courses of the target and the gunner* s own plane. 

One of the simplest situations in lighting arises when one is firinr on parallel 
courses of the same direction (Fig. 175). 

Let the plane of the gunner, at an initial mcment in time, be located at point 
0 and move at a speed of V ±9 while the target, moving at a velocity of v ts , is lo- 
cated at point A q . The actual speed of the gunner’s plane is greater than target 
velocity. To simplify our reasoning, we will assume that projectile trajectory is 

rectilinear, and that the projectile travels at an even mean velocity of v . 

sr 

To hit the target, the gunner must set forward the point of aim along the direo- 
_ tion 01 tar 8 et motion and direct the vector of absolute initial velocity to the set 
forward point The time it takes the target to travel from point Aq to point 

— jmust equal the time of flight of the projectile free, its point of release, 0, to 
■ : ‘that same point A u . 

j Since the gunner’s own plane is itself moving at a speed of V 1# the bore axis, 
Ji.e., the vector of relative initial velocity v D must be shifted away from the set 
5 0-Jf°nrard line in a direction opposite to that of the motion of the gunner’s plane at 1 
~~i a de ^ ec ^ ion an gl© of p. This vector will be oriented toward point A.*, to the rear 
_j target. The projectile released in direction GA£ follows line 0^, the 

"- t" 


12*0 


m\ 
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direction of which is determined by that of vector v Ql , obtained by summing vectors 
v Q and V ls Impact of the projectile on the target will occur at point Ay, regardless 


1 ' 



. Fig. 175. Fire on parallel courses of same direction. To hit the target, it is 
necessary either to orient the vector of absolute initial velocity toward the ab- 
solute point of impace Ay, or to orient the vector of relative initial velocity 
toward the relative point of impact A^. 

-of method of sighting. 

At the initial moment of time, the gunner sees the set forward point in airec- 
-tion in QAy and the target in direction 0A o . 

J During the time it takes the projectile to travel to point A^, the target will 
have also reached this point, having covered the distance A 0 Ay 3 v te t- The gunner 1 g 
plane will be at point 0^, having covered the distance OC^ = V-jt. If the actual . 
'speed of the gunner’s plane were equal to target velocity, the gunner would see the 
■target *n the time in the s&ms direction and when the target reached the set for- 
ward point the gunner’s plane would have reached point B and direction to target 


i la 


Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 





Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 


/ 



would he parallel to the Initial direction, i.e., B^/0A o . The target would be 
stationary relative to the gunner. But since B^v,.. and the gunner's plane 
reaches point 0 L , the direction to the target at the tine of impact will be OjA^ 
and the target will lag behind the gunner at a distance equal to segment OjB. This 
lag is easy to determine by subtracting the path traveled by the target from that 
traveled by the gunner's plane. It is not difficult to see that the target will lag 
at a distance equaling the product of the difference between target and actual velo- 
city and the time of flight of the projectile, i.e., the product of relative target 
velocity and projectile flight time. 


\)t = v r t 


Since the gunner is not aware of his own motion and believes himself to be 
stationary at point 0, it will seem to him that the target is moving not in the 
direction of his own flight but backwards toward his tail and that the impact of the 
projectile takes place at a point lagging behind point A Q at a distance of . 


0 1 B 


v r t. 


xt is easy to see that the Sector of projectile initial velocity is directed 
toward the apparent point of impact, i.e., that it coincides with the direction of 

“ the llne ° f aim at the raQment of ^ct. A very interesting conclusion may be 
drawn frcm this. 

To hit a target moving on a parallel course it is necessary either to orient 
_;the vector of absolute initial velocity ¥ q1 to point A u or to direct the vector of 
relative initial velocity v Q toward the apparent set forward point A^. 

C: ^ nm8t “"Pb 118126 onca a e aln that the impact of the projectile will take place 

' at POlnt V sinoe * to orient vector v Q toward point A^ ia the same as directing 
^vector v ol to point A u , as the projectile, in any event, follows line QA^ pro - 
--polled by its own velocity. 

Let "* ncw examlne “Other case of target motion relative to the gunner. 


li*2 


I 
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85» Fire on Parallel Courses of Opposite Direction 

Let the target be traveling on an approaching course (Fig. 176), To hit this 
target the gunner must direct the vector of absolute initial projectile velocity to- 
ward point and the segment AqA^ must equal v^gt. 



Fig, 176. Fire on parallel courses of opposite direction. The target is hit if 
: vector v ol is oriented to point A u , or if vector v Q is oriented to point A^. 

To orient the vector of absolute initial velocity to point A y , it is necessary 
Zjto move the vector of relative initial velocity in a direction opposite to that of 

\ the motion of the gunner 1 s plane at the deflection angle vector v Q will then be 

—I oriented toward a certain point A u * 

__j 'While the projectile is traveling, the target will cover a distance A o A u = 

Jv t, while the gunner* s plane will have covered a distance 00^ » V^t, Thus, at the^ 

50 l 118 - 

- -moment of ijnpact, the target will be at point A„ and the gunner's plane will be at ; 
52 — | " i 

- -| point 0^. Initially, the gunner Baw the target in direction 0A o , but at the moment j 

— jof impact he sees it in direction j 


1U3 
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Let us find out how much the target has moved in relation to the gunner* io do 
this, let us draw through point a right line A o B//A u 0i. The relative shift of the 
target will then obviously equal 00^ / OjB, i.e., 

OB sb v ts t / V x t s (vts / 

but 

T ts / v l = v r 


OP - v r t. 

In fact, if the gunner were stationary, the relative motion of the target would 
equal AqA^ - G^B. However, the gunner is furthermore moving in an apposite direc- 
tion for a distance of 0^0. Therefore, the total motion of the target will equal the 
sum of the motions of the target and of the sninner. It is not difficult to see that 

distance A u A^ l — 00^, since the motion of 
r\n the £ unner for a distance of 00j_ may be 

Mtc ** substituted for by an equal displacement 

I \ 0 */ of the target in the opposite direction. 

/ j/j' ° / g o 

/ / /■ 4*s/ <, & The gunner considers himself as 

I U & Jr 1 being at point 0 and therefore direction 

I / ( £" Jjr ^ <* / 

/ / &-J/r <v £ / QaA will seem to him to be direction 

L / c/ g / 0^, while the point of impact A Q will 

$?// / ** / appear at aA. The apparent displacement 

I/ / I. of the target will equal A 0 A^. 

if'-J \ 

Up/ We come once again to the same con- 

fly JJ^^ elusion: that to hit the target we 

> must direct the vector v Q at point 


Fig. 177. Sighting diagram for fire on 
interception courses of same direction. 


vector v Q ^ at point A u . 
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86 . Fire on Intersecting Courses of Same Direction 

At the initial moment in time the target is at point A Q and the gunner at- 
point 0 (Pig. 177). 

To hit the target vector v Q ^ must be directed at the set forward point A^. 

«»hile the projectile travels from its point of release 0 to the set forward 
point the target will have traveled a distance A q A u - v^t an< ^ "khe gunner’s 
plane will have traveled a distance 00^ s V-jt. 

At the moment of impact, the gunner will be at point 0^ and will see the target 
in direction O^A^. Since the gunner is not aware of his own motion and considers 
himself still at point 0, the relative target motion will appear to him as follows. 

While the pro jectile is in flight, the target will reach point A u . Since the 
gunner’s own motion appears to him as a displacement of the target to the side 
opposite to that tcwrard which he is moving, it will seem to him that the t arget has 
moved from point to point A^ and that the impact occurred at the latter point. 

In actuality, however, the gunner, located at point 0^, sees the impact at point A^. 
It is easy to show that the distance between initial point A Q and the apparent point 

i 

of impact A^ equals the product of relative target velocity and projectile flight 
- time. To do this, let us draw a line CD//Vt through the extremity of vector v tg . 
.The similitude of triangles A q CD and A Q A^A u allows us to demonstrate that segment 
; CD equals the vector of actual speed and that therefore segment A Q C, equal to the 
-! sum of vectors A q D - and DC - equals relative target velocity v r . 

The similitude of these same triangles allows us to prove that A C A U M v r t. 


We find again that, to hit the target, it is necessary either to direct vector v 
■i to point A^ or vector v Q to point A^. 

Let us examine still another case. 


ol 


lhB 


Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 


i$S 





Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 


87* Fire on Intersecting Courses of Opposite Direction 



Fig. 178. Sighting diagram for fire on interception courses of opposite direction. 

Let us repeat the reasoning that we used in the preceding three cases. 

While the projectile is in flight, the target moves to point ^ while the 
gunner moves to point (Fig. 178). 


Relative target motion may again be seen as its motion at a velocity of 


ts 


f rcm point A Q to A^ and a motion at a velocity of - 7^ from point A^ to point 

The gunner, having moved while the projectile was in flight, from point 0 to 
point Oj, will see the target at the moment of impact in direction OjA^ at point 

•Iv 

But since the gunner considers himself stationary and situated at point 0, it 
will seem to him that point A^ is located at point and is seen along line QA£. i 
An examination of similar triangles A^A^ and A Q CD will make It easy to demon- 
strata that in this case segment 
-> - A <K » v r t. 

11*6 f 
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Fran the above examples we are in a position to draw certain conclusions. 

— — g ggpral Conclusions on the Principles of Fire with Allowance for .Relative 


Conclusion 1. To hit an aerial target when firing from a mobile installation, 
it is necessary either to orient the vector of absolute initial velocity v toward 
a point situated at a distance of forward of the target or to orient the vector 

of relative initial velocity v Q to a point situated on the prolongation of the vec- 
tor of relative target velocity at a distance A^A* «. v^t. 

Conclusion 2. In either of these methods of sighting, the true point of im- 

.. pact is always situated on the course of the target at a distance v t from initial 

ts 

point A 0 . 

Conclusion 3. As a result of the actual motion of the gunner's plane, the 
. apparent point of impact is situated on the prolongation of the vector of relative 
target velocity at a distance v p t from the initial point. 

Beginners who undertake the study of the theory of aerial gunnery with allowarm 
'• for relative target velocity often acquire the mistaken impression that in some 
° ases ataing forBard slor « the course of the target with account of the targets 
absolute velocity and aiming backward along the line of the target's apparent (rela- 
-_j tive) motion with account of its relative velocity cannot lead to one and the same 
- — ; result, i.e., to hitting the target. 

□ 0,18 ® isund « rsta nding arises most frequently in analyzing fire on parallel 

~J courses of the same direction and intersecting courses of the same direction in 
cases when actual speed exceeds target velocity. 

j Let us point out the fundamental difference between the two methods of fire, 
ij 18 firin « upon aerlal targets fr<m mobile installations, it is necessary to 
-I take into account both target Velocity and the actual speed of the gunner's plane. j 
i _ U absolute target velocity is taken into account, actual speed, as we have ~ 
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already seen, is reckoned by means of a special device forming a vectorial triangle 
of velocities, The sight axis, in that case, lies in the same vertical plane as 

vector v q ^ and when aimed at the set forward point, the bore axis of the piece is 

turned in a direction opposite to that of flight at an angle equal to the angle of 
deflection* Actual speed is reckoned automatically by the gunner* s plane and the 

gunner has only to reckon by eye, with the help of his sight rings, the velocity 

of the target* 

If relative target velocity is taken into account, then, as we have just seen, 
the gunner must orient the vector of r elative initial projectile velocity toward the 
apparent point of impact. The sight axis must be oriented along the bore axis, i.e., 

along vector v 0 , and whenever the gunner directs the sight axis at any given point, 

... vector v Q is likewise oriented toward that point. 

At first it might seem that thereby the actual speed of the gunner* s plane is 
not taken into account. 

This neglect of actual speed is only apparent, since the gunner, by taking into 
_. account relative target velocity, is thereby taking into account both target velo- 
city and his own actual speed, since relative velocity is obtained as a geometric 
___ sum of the vector of target velocity and the vector of actual speed. 

; Since the gunner considers himself as stationary, he must compensate for his 

motion relative to the target and he does this, as it were, by imparting his speed 


to the target and assuming that the target is moving at its own velocity v and at 

ts 


the velocity of the gunner’s plane oriented in the opposite direction. This 
leads to one more conclusion. 

Conclusion U, The actual speed of the plane is taken into account by the 
gunner by eye in form of relative target velocity into which the actual speed of thq 
gunner* s plane enters as a c opponent. 


m 


< 
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8?. The Relative Correction Triangle and Its Components 

In all the cases of fire with allowance for relative target velocity examined 

by us, a triangle OAqA^ was formed. This triangle may be formed directly without 

the use of elements of the absolute correction t riangle. 

Let the target be at point A Q and the gunner at point 0 (Fig. 179)* Target 

velocity is v^. s and the actual speed of the gunner* s plane is 

By drawing the tirffligle of vectors A^BC, we will find the vector of relative 

target velocity v . 

r 

Along this vector let us measure frcm point A q a distance 1^. - v^. We get 
point A^. Drawing right lines 0A o and QA^ frcm point 0 we obtain triangle OAqA^. 

By forming this triangle, we are taking into account relative target velocity. The 
J gunner considers himself as remaining 

all the while and sees the target as 
moving along line A^A^ at a veloc ity of 
^ r . Impact takes place at the apparent 
point of impact A^. 

Triangle OAqA^ is called the rela- 
tive correction triangle. Let us define 
the components of this triangle. 

The apparent point of impact A^ is 
called the relative point of impact or 
the relative set forward point. The 
apparent motion of the target takes 
place along the straight line A Q A^, and 
the target may move along this line in j 
any position (tail forward, sideways. 
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/ 


etc*), so that the fore and aft axis of the target need not coincide with the line 
of apparent motion. 

The distance covered by the target relative to the gunner during the time of 
flight of the projectile, or the distance between initial point A Q and the relative 
point of impact A^ is called relative linear lead. Relative linear lead is equal to 



36 j Fig. 180. Relative motion of target during aiming. The target axis does not coin- 

3ii— I cide with the line of its apparent motion. 


4 0_ 

44__j 

46. 

48 

50 . 


the product of relative target velocity and projectile flight time: 

A - V* 

The straight line joining the point of release 0 with the relative point of im- 
pact A^ is called the relative set forward line of sight, and the distance between 

J these points is called the relative range of fire Dp. 

If we turn the initial line of sight to follow the target, in the interval 


52 — 


— ; during which the projectile is in flight, it will have pivoted at the point of 


_J release 0 at an angle \^ r . The angle at which the line of sight turns during 

6 I 

_J5o_ 
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the angle enclosed between the initial line of sight and the relative lead line of 
sight is called the relative lead angle. 

90. The Relative Lead Angle and its Computation 

We see that in order to fire with allowance for a relative target velocity 
it is necessary to know the relative lead angle. In sighting the barrel of the gun 
must be deflected, i.e. the vector of the relative velocity of the projectile, from 
the initial line of sight at an angle equal to the relative lead angle f in the dir- • 
ection of the relative shift of the target. 

We defined the lead angle as an angle at which the line of sight turns during 
the flight of the projectile. Once we know the angle velocity of the sight, or, 
in other words, the angle at which the line of sight turns within a certain unit 
of time, it is easy to establish the lead angle by multiplying the angle velocity 
of sight by this time, provided that we know the time of the flight of the project 


By substituting the ratio of the lateral velocity of sight and the distance 
of firing for the expression of the angle velocity of sight we obtain the following 

ft 

formula: 

If we divided the numerator and the nominator of our formula by "t" we would 


Since *£ is the mean velocity of the projectile in flight v cp , the angle 
is defined according to this formula in radians. Usually, it is expressed in one 
thousandths: ^ 


•>:»!«» * . 


Thus, the relative lead angle is directly proportional to the lateral velocity 
of sight and inversly proportional to the mean velocity of the projectile in flight. 
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It follows that it is necessary to determine either the lateral velocity of sight or 
its angle velocity in order to establish the angle of lead. 


In the theory of sighting the formulas of the linear lead and the angle of lead 

have the term -w — as a multiplicator on the basis of calculating the absolute velo- 
v cp 


city of sight. In one case, it is multiplied by the distance of fire D to obtain 
the linear lead and in another - by the sine of the target angle, i.e., by the fore- 
shortening of the target so as to obtain the angle of lead. In both cases the 
vector of absolute initial velocity of the projectile is directed at the point of 
lead determined by the angle or bv the linear method. That means that the velocity 
of sight and the actual speed of the aircraft are taken into account separately while 
the formula of the linear and angle lead accounts only for absolute velocity of 
sight. 

The formula of the relative angle of lead takes into account simultaneously 
both the actual speed of the aircraft and the velocity of sight, in the form of 
lateral velocity of sight obtained by resolving the relative velocity while the 
latter is obtained from the geometric summing of the velocity of sight and the 
actual aircraft speed. Thus, there is no need to take into account the actual 
aircraft speed to determine the relative angle of lead with the help of the above 
formula since it is already incorporated in this formula and the relative initial 
velocity or - the gun barrel must be directed at the established point of lead. 

91. Relative Trajectory of the Projectile 

In order to determine the relative angle of lead we proceed under the assump- 
tion that the trajectory of the projectile is rectilinear and its motion along the 
trajectory is uniform. 

Assuming again that the projectile is not subjected to the effect of gravity 
let us examine its motions in relation to the gunner with consideration that the 
velocity of the motion of the projectile diminishes continuously under the action 
of the force of air resistance. 


152 


■STAT 
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Let us assume that a projectile is released in direction 0A o (Fig. 181) from an j 
aircraft travelling with velooity Under the action of the actual speed of the _j 

aircraft the projectile in flight will not follow this direction but will move along | 
- straight line OAy in the direction of the vector of absolute initial velocity v 0 ^, j 
obtained as a result of adding vectors v 0 and v^. 

If the absolute velocity of the projectile remained constant all the time, the 
projectile would be in point b^ within a second and in point b 2 within two seconds, \ 
etc. passing every second through identical sections on its course. Consequently, 


[Lag of projectile 




11 C3 .! 


¥ y / 

To To, 


Fig. 181 lag of projectile. The decrease of the velocity of the projectile in 
flight results in its apparent deflection aft of the aircraft. 

‘ ^_the gunner would find himself in points 0^, C> 2 » etc. in the same intervals. The dir*- 
ection of the projectile — as the gunner would see it — would remain the same, i.e. 

.*,£ ;parallel to vector v Q , since O^b^JI C^^li^AylfVo* when the projectile ! 

■13 hits the target the gunner would be in point 0-j. It would appear to him that the 

50 | projectile follows the line of fire in the direction of the vector of the relative 

— i 

5 n , — j initial velocity of the projectile. Since the gunner believes he is stationary and , 
5t - remains in point 0, he assumes that the projectile follows line OAq with ve loc ity | 


LA_ 
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abso livivj v *loo ’ ' . 


2.1 to the absolute 


iiu •'. s.l v..'loci uy o' © secor i ai oer vt nas b*.:on p ile-ased , i.e, Ices not roach coint 


. the projecbil* 


>irt c- L • It v.o\'Li a-.)- -ear to the -urner watching the 11: ght 
roj eo bile depart 3 1 from the relative line of deflect! on 


Is opposite the flight of the aircraft at 


zi . The t rejector" of 


pi ojec :e..L-3 vnup 'ear as a curve on a horizontal plane. Two minutes later, when 
th.e pur.r.er's aircraft a hmicing evenly arrives at point 0?> the projectile fill be 


b-i irrin ' th 


■ lira ■ '"onl, since its velocity has been continuously decreasing, 
deflection of the projectile s? ^ould be even greater. If v/e assumed 


projectile is deflected in the direction of point A y , the gunner vrould arrive 


at point On before the nrojec tile has re-ehed piij.nt 1 
aircraft would be already at point 0), and the departi 


but viler it reaches it, the 


rti Le frora the 


elative line of deflection apoarmtly moving along vrith the punner would be AA^s z. 


The .punner nho would consider hi; .self 


0, sees trie movement of the 


-projectile along line 01, while it would seem to him that point A — t'nat lias shifted 
-in relation to him — is at distance A^A^. 

The phenomenon of the apparent deflection of the projectile from trie relative 
“base of deflection is known as the phenomenon of lapping. 1 

~ The curve along which the projectile travels in relation to tin; gunner is 

"called the trajectory deflection of the projectile. j 

If we considered -Iso the gravity, the relative trajectory of the projectile isj 
“a line of double curvatures it is curved at the plane of the velocity triangle as j 

j J i 

ja result of decreased velocity of the projectile under the action of the force of 

J 

jair resistance and a t the vertical plane under the effect of gravity. 

.1. .%he_i [distance from the relative deflection base to the relative trajectory of 

Jife“__pXoJactil.e determined along the vector of the own actual velocity is known as 
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__tha projectile lag j * 

It is important to bear in mind that Ithe projectile lag and the curvature of th< 

— trajectory as projected on the plane of the velocities triangle is a relative os ten~ 

5 

„_.sible phenomenon considered only in relation to the moving observer* It does not 

— exist in the absolute system of coordinate®. It goes -without saying, that this 

> j 

— apparent deflection depends primarily on the direction of the fire as related to the 

— ; aircraft, i.e. on the angle of the hull gun. I 

— The projectile lag can be calculated with an adequate degree of accuracy for j 


20 - 2 = ViDCVcpHVl) ! 

22 Zj 1 — 1* | 

04 Zl us examine now what changes would occur in the trajectory elements and in 

the sighting elements of the projectile if we considered the trajectory in relation 

og to the gunner, 

30 ~ 1 It is easily established that the relative and the absolute fall of the project-- 

32 ii e are equal for, regardless of how we may see the movement of the projectile, the 

34 same interval of time passes in both case^ from the moment the projectile is released 

35 _and until it hits the target. Cons equently, it will fall at the same distance 
38 "Whether seen by a stationary observer or by a moving gunner. 

40 We know already that the distance froi* the point of release to the' relative poin> 

42 of inpact is not analogous to that of the jabsolute point of inpact and may exceed 


4 the di 

46— sight. 


distance or be smaller depending on tlje direction of the relative velocity of 


Since the relative and the absolute distance of firing are not identical, the 


50— relative and the absolute angles of sight also differ. If the relative distance of 
52— firing were less than the absolute distance, the relative angle of sight would es- 
U-iiaad that of the absol ute one and vice versa, if the relative distance were ottaa-Kat* I 
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9Z ' 5 en<>ral 3 ° h<H1W of Flrln K jrt th Account lof Relative Velocity of T , rg .t 


We shall see now how the vector of absolute Initial velocity v 0 has to be or- J 
ientated to hit the target taking its relative velocity into account. | 

, , J let us assume that the target that is at point A e at the moment of release movej 
.with velocity v u toward the opposite intersecting course (see Fig. 182). In order to ! 

'// hit this target j 

Jr/" the vector of re- j 

? Y »' V , ) lative initial 


\ \ // 

\ \ ‘'a’V 

Mo*. 




fim 


Fig. 182 General diagram of sighting with account of 
relative velocity. 


: - oriented so - { 

C / ,// achieve that the j 

j/y v trajectory of the 

j// ’ ' e projectile would 

iff ^ pass through the 

^ 7^ relative point of 

_ Pig. 182 General diagram of sighting with' account of impact. If the 

relative velocity. vector of relative I 

'• ^3 velocity of the 

.projectile '" 5re ° riented "'“’“T «»e relative point of impact, the trajec- j 

•• t ° ry ° f the Pr ° JeCtile WOuld not P“» through it, since the projectile would lag fro. 
4 , 3 he relative line of deflection by z. that means that the vector of relative init- 

46 j -1 T3l ° Clty " n “ t dlreeted the point located at distance , from the rela- 

48 U tlT ° P ° lat ° f ** the dir * ctton of the path of th. gunner’s aircraft. But the! 

SO_jtrajectory would not pass through point Ay either, but would be lower since the p «J 
52 -J.ctile falls under th. effect of gravity. For that reason, the vector of relative , 
54-jtaitial velocity must not be orients to«rd point A but higher fay th. value of th. 1 
5 6 g^projactilg a. 
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| * 


Chapter III 


METHODS CF SIGHTING WITH ACCOUNT OF THE 
RELATIVE TARGET VELOCITY 


93. Method of Sighting with Account of the Lateral Target Velocity 

in order to compute the relative angle of lead we use the following formula : 


= 1000 n 


cp 


This formula is much simpler than formulas used to compute the absolute angle 
of lead, in addition, it lends itself to the ^plication in practical sighting. In 
fact, the mean velocity of the projectile in flight can be computed for Average fir- 
ing conditions. Let us assume that the lateral target velocity amounts to 100 kilo- 
meters per hour; we can proceed with the calculation of the relative angle of lead 
for this particular velocity by using a sight that has a ring with a radius, the 
apgle of which would equal the relative angle of lead to be scaled. 

If the lateral target velocity equaled the one that we have es tima ted (for in- 
stance, 100 kilometers per hour) the target must be placed on the ring. If the 
lateral target velocity were either greater or smaller than the one we have estimat- 
ed, the distance of the target from the center of the ring must either be decreased 
or increased by as many times as the actual lateral velocity is smaller or greater 
than the one estimated by us. The apparent movement of the target must be directed 
toward the center of the ring. This movement can be carried out either sidewise or 
with the tail forward. Sometimes the nose of the enemy aircraft may be directed to- 
ward the center of the ring. 

The gunner's task is confined to determining the lateral target velocity by the 
eye. But the whole complex task of sighting consists in the determination of the 


1 # 
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• r 


i lateral target velocity. The essential difficulty of this task consists in the fact 


-that various targets with identical lateral velocities but at different distances __ 
'from the gunner travel at different angular velocities; however , we are used to 

■' . .... . ... i 

• — , judge the velocity of a body in motion by its angular velocity. 

— . When flying at low altitudes we notice that we travel faster since the angular 

- movement of the surface objects is great. However, at high altitudes and at a simi-l 
— • speed it appears that we are moving only slowly since the angular velocity of j 
... the surface objects is very small. j 

Another difficulty in deter mini ng the lateral target velocity is the lack of an 
auxiliary scale. In determining the foreshortening of the target the gunner uses thk 
full length of the target fuselage or the relation between the apparent length of ths 
fuselage and the apparent size of the range. The established angular dimensions of j 
the target at various distances serve as a scale in determining the target distance.; 

The absolute target velocity is 


’ 3 


4 0_ 

42 _ 

4 4_ 



46 | Fig .183 Sighting with account of lateral 

4 8_J target velocity. 


50 — 1 
52 

54 

56 


determined according to the type 
of the aircraft. However, there; 
is no scale to determine the 
lateral target velocity. 

Only a thorough training 
provides the knowledge of ! 

determining the lateral target 
velocity. 

Despite the difficulties 
experienced in determining the 
lateral target velocity this 


—j method of sighting is, nevertheless, simpler than any of the sighting methods 
based on the figuring of the absolute velocity. The gunner merely has to establish 


the lateral target velocity while he has to determine always the following two 


J£9 


t ! 
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-(factors with methods based on the absolute target velocity* in cases of fuselage 
^-sighting — the velocity and distance of ihe target and, with angular method — — 

- the target velocity and its foreshortening. 

. This is the most widely used sighting method with mobile gun installations. 

—I Let us examine now a few special cases of sighting with account of the relative 

- target velocity. 

Firing from Fighter at Aerial Target 


As already noted, the basic difference between methods of firing from a pursuit 
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- factors with methods based on the abaolut^ target velocity: in cases of fuselage 

— eighting — - the velocity and distance of the target and, with angular method — - — 

the target velocity and its foreshortening. 

This is the most widely used sighting method with mobile gun installations. 

! 

-Let us examine now a few special cases of sighting with account of &he relative 

-target velocity. 

- 94. Firing from Fighter at Aerial Targets 

As already noted, the basic difference between methods of firing from a pursuit 
plane and firing from mobile gun installations is the stationary installation of the 
gun in a pursuit plane relative the gunner while sighting is carried out by the whole 

- • i 

- aircraft. The angle of the hull gun always equals zero and in sighting the aircraft! 

v — always flies 



Absolute and rel atire"^ 


j Fig. 184 When firing from pursuit plane, the relative and 

j absolute lead angles are equol • relative and absolute set for- 

-i 

jward points A^ and A u are situated on the same right line. 


toward the set 
forward points 


if the dimen- 


sions of the 


sight angle were 

| 

overlooked . Fori 

j 

that reason, 
with the target | 
angle at 90 deg-; 

rees the lateral! 

i 

target velocity J 
would equal its j 
absolute velocitL 


At different tar- 


" get angl es it would equal the projection of the absolute velocity on the direction 
'“that is perpendicular to the line of sight. Consequently in firing fro ma pursuit plans 


JL60- 











'-.WW; 
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the lateral target velocity equals the product of its absolute velocity by the sine 
of the target angle, i.e. the foreshortening: 

v n * v u ain q- 

Introducing this value to the fonaula of the relative angle of lead we would ~ 
obtain* 

QP T = 1000 v ^sin q 
Tr * 
cp 

If we compared this formula to that of the absolute angle of lead we would 
arrive at the conclusion that the relative angle of lead equals the absolute angle 


rtf leer? W . 


jAa. o u j. o pxames * 


PlTf- 

Therefore, firing from pursuit planes can either be done with the usual methods, 
i.e. the fuselage or angular method, or with a method that would allow for the re- 
lative target velocity. In the latter case, member v u sln $ is not determined in- 
dividually by the pilot, but together with the lateral target velocity. 

95* Repelling Pursuit Plane Attack 

Two essential conditions must be remembered when repelling an attack by a 
pursuit planes first, firing in day light or under conditions of a clear night, 
and, second, firing under conditions of a dark night. 

When firing in day light or under conditions of a dear night, the attacking 
pursuit plane moves toward the set forward point of the bomber that is ahead of 
it at a distance equal to the linear lead. 

At night, a pursuit plane is unable to sight at any lead since the bomber 
fuselage la invisible. It, therefore, has to move toward some visible point (flame 
from exhaust pipes, light reflections, etc.). 

Let us examine some of such cases. 

a) Repelling Pursuit Plane Attack in Daylight and during a Clear Night 

A pursuit plane attacked by a bomber moves towards its set forward point A 6 j 
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t . . t (Fig.185). Th. gunner In the hombardef 

“ 18 ah “ d ° f V aJL. 7 li Ur to h lt the --H— — ~\ 

+h« pursuit plane along lin® 0 A o* ^ 

^ _ «tt~t bb. -~r tf J*bul -1“*" — 

& ... «*-. - - — “ rm 

Ci- -«> .. bttttb b~ - ~ «!.- — *“ “““ “-‘- 1 ““ ” 

- . . WM find the dimensions of this angle for onr case, 

angle * i- • Let us I in ^ determine the j 

“ ! 

position of the relative 

set forward point we havej 
to establish the dimen- \ 
a ions and direction of ! 
p the vector of initial 

relative velocity v r . j 
Therefore, we add georaet-; 
rically vector Vi to the j 
end of the vector of tar- 
get velocity v u . The 
relative point of impact 
mould be located on the 

-°-i . . V,„ ™.1UH£ fighter continuation of rector j 



-Fig .18 5 Sighting from bomber rhen repelling fighter 

v- at distance A 0 kl v r h 

-attack in daylight or clear night conditions. 

from the target. 

* b.„ bb. tt.J~-.b7 — •> *“* •*" *“ — r “■ ‘Z 

ltul _ b . «-* “ “• — “ -1 “ *“ 

. . _ — - - rm 







--- . In this articular case the relative angle of lead under consideration of the' 

jJ rojectile lag maybe confuted according to the formula 


1000 j* 

v ol 




■e_4 (In ' H * WOf ° 0raple:cit y of foAnula we quote it in its final form). 

' = =* t ^ ^ ^ " UnSUitablS *“ -I - ^-r wou* 

- “ 7 t0 °°"’ Ute ^ a ^ e * 1Sad * - ■ -e formula is greatly * ^ 

1 6 and SOme 0missions introduced. 

!8 J The basic value that greatly affects the angle of lead is th. relative angle ' 

><M 01 CU11 ;JU “ #0 * & " Ch “ ge 01 ansle tom 0° to 90° results in a change i 

2 _;o ^ the Sire of this angle ranging from 0 to 1 virile the relative angle of lead 

; : lj 0h " neeS fr ° m ° t0 lts peak Value > i-e- simultaneously with a change of angle ft, uhe I 
— angle of lead changes by many times. i 


Other values change within 


narrow limits and can be used with account of their j 


—mean value. j 

' 4 US meab€r 1000 ^ f 1 “ -J L. 01 ] can be computed in advance. f 

!4 -j As a rule, the following valugg are used for this member: 7 X stands for the peak 

3 H . tUal SPSed ° f ^ gUnner ' s aircra ft; v ol represents installations witii 

3H a Iang ' type Sight “ d is considered equal to relative initial velocity v ,v • v - 

^ inStaUatl ° nS ^ **™ «« - a minor deflect^^t J4|- 
42 ,craft axis and v^mv^ for installations with backward fixe; target velocity T 

■‘4 S ^ *° 1,6 ^ TOl °°4 for the given type of target; the mL 

4S — 1 y of the projectile in flight *gp is based on average firing conditions: 

4 4 = 14,000 meterS ’ te 1,00 ” et9rS “ d th9 4^° efficiency factor of the projectile 
50 released from the aircraft. j 

3 ^ computation of the above »mbe: J we receive a certain constant number whid 

5 -?cS!)?£LSJ 2 iuply' it by th. sir* of th. relative in- 

'•'his. operation is ,l,o..^ c^l^ted for 
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~~ ™or 'the sake of simplif ijring the task of computing the relative angle of leau furtherj 
^h® same technique is used here as in thej establishment of the sine of the target ...j 
-...] sunglej i.e. the foreshortening factor is introduced. The foreshortening can be ! 

...J .. .. J 

..... determined v/ith an accuracy of l/U but inj this case it is more practical to calculate 
directly sinP Q with an accuracy of 1/3. : | 

If multiplicator 3 were placed before member si rj5^> i.e. 3 sin£ 0 , the nominator 
..j an d coefficient 3 vrould always be reduced: v.-hen sin is calculated with an accuracy' 
of 1/3 while member sin^ Q will be stressed by any whole number — 0, 1, 2, and 3. ! 
_J However, by placing coefficient 3 before sin p n another multiplicator of the 

formula must be divided by 3 so that the equality is preserved. Consequently, the 


! formula of the lead angle would look as follov/s: 


1000 _£ / _ \ 

T r = 3 \ ) 

1 TT_ f - V V \ 


3 sirf , 


IL 

v ol ' 


)-fo. 


'K- " y o 3 sin£ 0 . 


2 Proceeding to compute sin p Q with an i accuracy of 1/3 we obtain the following 

36 ~ four basic values referring to the relative angle of lead: 

33 With s±nf Q a 0/3 Q 0 - 0 

*oZ " "Po - 1/3 j 

42Z " " p o “ 2/3 4 Z =fo 2 “ 2*^0 

44 Z " " Po = 3/3 xJV=y o 3 = 3y o 

46 We see that in order to calculate the angle of lead the constant number^ 0 has 

48 to be first multiplied by one of the wholn number 0, 1, 2 and 3, i.e. by the numer- 

50— ator of the fractional value of sirv£ Q * 

52 — Denoting the numerator of the fractional value of sin^ 0 , i.e. the numbers 0, 

sa. L 2. 3 by N we obtain the following general formula: 
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' How cin"N or 8Hp* 0 Ibe daterdned with the accuracy ! 


"assume - that 

in intervals from 0° to 10* 


ln Po ^ 

these intervals 

3 to 10° 

\ „ 0 


< sin & = 3 - 

3 to 180 C 

\ j r o j 

I 

tp 30 c 

1 ) s ^ n Po~ 3 * 

5 to 170 c 

| ) 

5 fco 600 

| } 


__ from 120° to l£0 C ' I 

_ from 60° to 12 0 C sin^ 0 = J ~ 1. j 

12 

14 It follows that if the target Tiers in the front semisphere and the gun is deflec 

>6_ed from the aircraft axis in any direction not exceeding 10° while sighting both N 
>0 andy 2 "would equal 0. 

30 If the deflection angle of the gun ranges from 10° to 30° N would equal 1 and 

32 — would equaiy o etc, 

34 The same reasoning applies to the beajfc semi sphere , Since the gun can be turned 

36 in any direction from the aircraft axis the maximum deflection of the gun would be 

3 a— limited by conic planes with vertex 10*2 = 20°, 30*3 - 60 ° and 60*2 =”120°. Between 
4G_ these planes so-called zones for certain values of sin-^ and N are formed. 

42 — Let us refer to the zone in the spread of 20° as Uo.Oj to the zone in the 

44 — 3 pread of 60° a.s No.l, to the zone in the spread of 120° as No.2 and the rest as 
46 -Ho.3. 

48— On -the basis of preceding reasoning it follows that number N would represent 
50— in the formula the zone number since withii zone No.O N equals zero, within zone No.’J 
equals one, etc. 

54 Consequently, in order to find the relative angle of lejuLwh lennflrlng at an 
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an attaching pursuit plane the coe.C Cici en jjp Q must be multiplied by the zone number 

...in. which .Jbha...attadcing pursui t plane movAa» 

The following rule of sighting can be established for the above case* 


1* Discovering an enemy pursuit plane the gunner must determine the zone numbe 


— of the enemy aircraft > multiply the coefficient Q that he must remember by the 

— zone number and establish the relative l^ad angle • 

— ■ 2. Using rings dr a ring-type sight j as a measure he places the target at an 

— : angular distance from the ring center tbit equals the established angle of lead 

> — | | 

— | orienting at the same time the visible target shift toward the center of the ring 

•i i i 

— and opens fire. 

3 - i 

In general sighting as veil as in the particular case examined here the 

— visible motion of the target aircraft is 1 directed toward the center of the ring 

i — I 

— instead of the lateral aircraft axis. In our case the target shifts toward the 


center of the ring sidewise. 


Zone No. 2 


i Zone No. 


fZone_No.O 


,ffe. 2 

i — T. sSirkto 



Fig. 186* Sight zones of bomber when re felling fighter attack. 




••fjfea 


I^t us a x a nrin e another case of aiming at an attacking pursuit plane, 
b) Repelling fighter attack under dark night conditions. 

When a fighter attacks a bomber at u dark night the sighting is done directly 
visible part of the bomber and the movement is directed toward this element. 


erif ore . 



its foreshortening also equals zero 








t|§fe 

* a % 
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(Fig. 187). 


otif -tht fomli of the r 


ire angleof Ind ia greetlyoiaplif led — 


-[expressed as follows s 


▼ r " lOOcJLi- sin P 0 . 

6 _ 

Introducing once wore coefficient 3 te obtain f J - 3& 00 V 1 3 sin p ^ 
“ denoting d 




we obtain finally 


T - 


zO— j Xa unis case, too, the constant coefficient ^ must be multiplied by the zone 

22 — number of the attacking fighter in order to compute the relative angle of lead. In 
24 ~ | the process of caleul 

26 ation the zone number; 




Relative lead 
angle 


remain while the valu< 
of coefficient ou 
will no longer equal 
o* gunner arasl 

also remember this j 


46 — [Fig. 187 Sighting from bember when repe! 


48 j attack under dark night conditions. 


fighter 


ttie rules of 
sighting are the sans 
in this ease as in th< 


Let as assume that at the moment of firing the target is at point A* while 


jm®?: 'mSNMKSm 

fpiiiiiw 

■- ; t 7f| 


a 


. . . . .. .. -.v 7 v'S .. . «. *r » J. *%*-•*& 
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_Ji;iust bo placed forward -’long the 15 ne of 5.1 «.e t-urget movement while the bnrget axis [ 


1 ITn - 1s k_ be d;l rect 
~! turret voice it 


toward, the center of the J ring. Xn the second case, tin relative- 


target ve loci tv equals zero and in si ghb? tig the c enter of the rang must coincide 


avitiiTthe" target . In case the target vd.ll lag, the relative target velocity 

3 be directed ag-d^st vec tor 7^ and in -sighting t' e target must be placed vdthin 

the field of the bores j ght so that its movements v. r or.l .1 be 5 -11 r acted vnth trie taxi 


' nt" 


rter of the r;in, 


rhe formula for the angle 


lead is -represented as follov/s in f5 


^parallel courses of the opposite direction: 




the fact that the above for mala does rot appear to be very complex. 


ifirirK" on parallel courses of the opposite direction as rau;» 


the high speeds of noier 


ircrafts result; 


relative angular shafts 


the target that the gunner would have no time to sight properly 


97, General Rules of Sighting 

Let us see now what the gunner would ’nave to do to hit the target. 


gunner could not possibly prepare 


imself for special cases of 


inn;- since ire 


may come across the target' under the most unexpected circumstances 


For that reason, he must know ?.lly 0 coeffkc5 enbs . He must also be fanOaar with the 
position and the outlines of the sighting pones. 

It goes vithout saying that &U lenovriedge of the three above-mentioned coeffic- 
ients (vre exclude the fourth coefficient for cases of firing on courses of the 
opposite direction) is inadequate since eaoh of them applies to a specific target 
velocity. Since the velocity of aerial targets nay vary greatly a gunner must know 
the values of each coefficient for at least 2-3 groups of targets with a rather 
similar velocity. At present, vre can classify fighters with propelling power and 
oorabers into one group assuming that the velocity of aircrafts of this group equals 


ip 

v . ; 

'W' 
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° J600 kilometers p hour, while jet propelled fighters vzlth a velocity of 8^0 to 
1QQQ kilometers per hour belong to another grovp. ^ hus » fac each aase 

4 3 of firing tvro values cf coefficient-^ mnajt he remembered and a total of six co- 

6 - . - ' 

__ efficients to cover all cases of firing. ,■ 

8 ! 

_ In sighting the gunner imist remeiobert 

1. to size up the target and classify it in one of the above groupp; 

2. to establish the zone number and find the relative angle of lead by ; 

1 A -4 S 

multip lying it by the appropriate coefficient; 

16 3 3. to use the ring of the boresight as a measure in sigh.ting and, directing j 

1 g i j 

J the visible motion of the target toward the center of the ring, open fire. 

2 0 I | 

22Z 98. What ilethod of 5 / gi.ting Should Be Given Preference in Aerial Sunnery j 

2 4 We may novr subdivide a.ll methods of sighting into two groups: me onods Ox sight-j 

26 ing vrith account of the absolute target velocity, and methods of sighting wit h accoui^ 

20 of the relative target velocity. 

30 In using all these methods sighting is done with the help of estimating by eye 

32 so that as far as accuracy is concerned both groups have an identical value. In 

3 4 ooth groups the gunner making allowance for the linear target velocity uses a measure 

36 — estimating the necessary lead by eye and comparing it vrith the linear or angular 

38 — scale available. In fuselage sighting, for instance, the target fuselage serves as 
40_ 1 measurement and in sighting the necessary lead is figured out directly in terms 
42 — Df length of the fuselage target. In the jugular method of sighting the length of 
4 4 — i/he radii of the boresight rings serve as :• measure. In sighting vrith. allowance 
46 — £ or relative target velocity the radius of the ring is also used as a measure. 


as a measure 


Consequently, if a gunner masters the technique of figuring out exactly the 
ssary lead for all cases the errors in sighting would be more or less similar. 
In addition to errors which the gunner may commit in sighting there are so- 




leal errors — a resu 


one method or 


“netHoJaTof fighting, for instance, is based on the 




y -&V 1 ■ : 
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-jusUnoe of the target An tew of hundred* of raters; i. a .' that an -admissible" eT^i 

-f° t0 Sp9ak ° f th9 ZUnner ' S Ski11 40 estiUte distance, would to 50 .asters ' ’ 

X” way or another; a auhdiviaion of targets into three groups only also entails 
pertain errors Since the actual target velocity nay ^aU^differ-f^ that estabilik- 

^ or a cer k&in f^roun into vmioh m i a.,. - . i 


t I vi. caw osoaoiis 

0 lf ° r a Certa “ " rOUP lnfco Whioh classify the given target. 

id In 311 3rSUl ” r “ th ° dS err ° rs °° CUr in 018 Calculatl °n Of the angle of lead at j 
-..the expense of determining the foreshortening fvn’+h 
*-l . 4 — ortening (rath an accuracy of 1 /!;) , the target ! 

.....velocity according to the air craft I 

M . ° raft ^ the calculation of the wan projectile I 


^velocity under certain average firing conditions. 


Of the three .a? 


L_--T.a.. ^ ’-a i 

pi.&iiy.i.u- examined h«=.-r«a , _ . j 

l "" “ **" H ° SOXUte Parg3t Cecity the calculation wthod j 


L ^ vcu-^uittuion me-Dnoa 

22 ^ least vulnerable. The methods of conditional units allows for q uite a fen 

2 ^ StakeS "* meth ° d 0f C °™ »»* foreshortenings for even more 

26 -^accuracies. to the averaging of the value of the mean pwjectile velocity in- 

accuracies may occur in the computation of the relative angle of dead. This method 
?0 J f S -S htln g aoes not bring about other errors, tb-t near*, that • 

J0 H T * T ' n?t raeans tha ^ in cOiTOarison to oths: 

ho+ V> _ ri _ _• ! 


rethods of sighting this method provides for the least rasthodical 


F.nally, the gunner would inevitably commit errors when figuring out the necessary 
determining the basic data for the estimate (range, target foreshortening, j 
.ateral velocity, etc.). from this viewpoint, the gunner is liable te commit the 


^greatest errors in determining the iateril target velocity, for that reason, «. 
^advantages of the method with allowances for the helatiVe target velocity aw 


44 nil 3 -li£iQd by its disadvantages. 

46 H Thus, from the viewpoint of precise sighting, the wthods based on both the re- 


vuc UBUUOOS oasea on both the 
-lative and the absolute target wirwit- -i- - ( ™ „ , 

more or less, similiarly effective. 


S °3 AS far 33 the gUImer ' S “ lence H concerned the method based on allowing 
s Jlor the lateral target velocity may be preferable since it does not require any 
5 Aj-J^gH^H^^^iL^^cm^the^gunnei^ but the^dif f iJuity o^ detertoining^the lateral target 

56_ velocity brjjggL^^ t Q nough t J ~~ ~~ 

58fej * G ° nSSmi9nt l y j fTOm * ***** H gunner's convenienceTone'of^^^r 
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6 .. 

8 — 
10 - 
12 - 


- Chapter IV 

— - PRINCIPLES OF AUTOMATIC GUN-SIGHTS. IN ELGNTERS . 

99. Problem of Sighting Automatically at gargets in Motion 


In examining the methods of sighting based on the principle of accounting for ! 

i i 

the absolute target velocity as -well as tile principle of accounting for its relative! 

1 4 1 I ; ! 

— i velocity we realize that depending on the I method chosen the gunner must make certain! 

16 — j i ■ 

— | calculations and estimates by eye in regard to one component of sighting or another. - 

1 8 j { 

— I Using the fuselage method the ernrms»Y» lrir>/"mr Vnn'-cr 4- ^ 4 . — --- • (•!. ' 

20 ! ~~ | L “” ' ” ~ " xu “ 

the help of a range grid the distance to the target; he has to know howto recogniz^ 
the target and know the over-all si z es and velocities. Directly before sighting tie j 
gunner must make a simple calculation of linear lead in the target fuselages raultipl; 
— [ing the constant coefficient* which he must} know, by the range in 100 rasters. 

Sighting v?ith the help of the angulaij methods the gunner must know how to re- 
cognize his targets, determine their fore shortenings, know the velocity of various 
types of targets and also compute the anglje of lead, 
o 6 | With methods ba.se d on the relative target velocity the gunner also has to re- 

sort to calculations. He also must know how to classify the target, to which group 
it belongs, hew to determine the zone in which the target is located and he must re- 


24 
26 
2 8 . 

30 — j 

32 

34. 


40. 

42 — 1 

44. 

46. 

48. 

50. 

52 — | 

54 

56 


member the coefficient^ for each group of targets and for certain firing conditions 
relative 

jHere, too, the/angle of lead is found by computation — the gunner has to multiply 
the corresponding coefficient by the number of tie zone. 

Only two methods of sighting do not require any calculations on the part at the 
gunners the method of comparing foreshortenings or the ring method and the method 
allowing for the lateral target velocity J 

The first of these methods is very elementary tea is hardly ever used now, the 


second one is very complic ated s ince it rgj 


Vt3 


skin of de termining the lateral 
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J target velocity. i 

J _ A certain time — and it is only a, ikatter of seconds is ne cessary to evaluat 

the essential data and to compute them before the projectile is released. In view 
of modern aircraft speeds and the briefness of air battles even fractions of seconds 
affect the attacking and firing. Purtherlore, all the above-mentioned methods of 
sighting refer only to barrage fire since Ifiring under aerial battle conditions j 

is subject to constant changes. In the angular method of firing the foreshortening I 
of the target shifts, in the fuselage method it is the range, in firing with 
account of the relative target velocity it is either the lateral “velocity or the 
zone number that changes. Regardless of whatever factor we chose for sighting, it ; 
will always change. That means that the gunner must constantly make allowances far j 
changed conditions of firing. ; 

-4 Many learned theorists and engineers have been trying to find siller methods 

- of solving the practical aspects of aerial- gunnery while constructors of aerial j 

- gun-sights have been working on a sight that would compute the necessary data auto a- j 

I j 

- atically reducing the gunner’s actions to 'a purely mechanical ope rati, on of the gun- j 

- sight, so that he would no longer have to determine the basic data of sighting and 

-be completely freed of making any calculations. This task was solved by the creation 

- of a number of sights that have become quite popular in our country and abroad. 

- Evaluating some domestic and foreign typeg of sights we could definitely state that 

- our makes are simpler in consiruction and easier to handle; they are also more re- 

- liable and precise in action although the general principles of construction of both 

- are almost identical. 

~ The task of an automatic gun-sight consists primarily in relieving "the gunner 

“ of having to calculate and solving the tank of delivering accompanying fire. The 


' latter can only be solved if the sight were to make automatic corrections in regard 

to the factors of sighting under changed firing conditions. 

automatic j — ” 

The/foraation of the angle of lead should not necessitate the introduction of 


/ / 




^ ''’w.?' c » y u * ' Jr, 

& xsjjgfcrV. ;v ; ” 
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’^2 r Sobers on the mrt 


flintier that have to 


bi tter! bv s'e since there 


-lx ould be. no point then havir.it fn antoiai tic gun-sight • 


** ar 2 .t ■'’■as not beer, possible to bijtild ar an to:na tic gun- eight vrith account of 
- tne absolute target velocity. At the present stage of the teclmological development 


of measuring devices, no device has been designed 


establish the absolute target 


_J velocity from an aircraft in flight and the sight is mounted on a movirg aircraft. 
For that reason, tne task of f o r *n\ng thie angle of lead nutoir tically tvas resolved 
only with allowance of the relative target velocity. 

1 

J ’•«© have two formula a to compute the relative anale of lead: 


= 1000 v n 


y: = ^oo« u t. 


The first of these formulas can hardly be used in automatic sighting since the i 
■lateral t?rget velocity incorporated in it can only be Judged by eve. Speaking gen- 1 
- e rally, 5.u is extremely cinfacult to estimate li neal* values — si.z --s and velocities *j 
-of bodies that may be located at different ranges. We evaluate the velocity of a ! 


j bo ay accomng to hie speed of 
j second formula is certainly vs 


. . From thi s no:’ nt of vie vr, the 


p. For the automatic form 


of the r el at ive ; 


- angle of lead deter: line d by tills formula, a . echan 

- target velocity is required, a - :e chan ism that • .-or 
"the projectile under various filing cond ’ t? on.s an 

- these values forming the necessary angle of lead. 


hat '• rot.: Id deter *1? 


v f i multiply j 


Dozens of devices are knovm in technology vlth the heln of which zap f'-the-iatic - 

I 

' al calculations can be carried o t, so that this task is not very difficult . 

How. can the angular target velocity dnd the tine of the flight of the nroJect.il 
’be determined individually? 

If the gunner will keep his gun pointed at the target after combining the 
cross hairs with the target the sl&t axis, i.e. the sight, will turn with a certain 
angular velocity iqfaich -will precisely equli the amrular target motion. SFatt achin' *» 
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j" uf '' Iian ' urns can be recor; - 3 ^ ar C r moment, i.e. the angular target velocity. 

The time of flight of the projectile can be established by measuring the -v 

.! - - - - Ci :-r rr.sm accordingly. Other factors that affect the time 

j ° f niGht ° r lhe can be estimated in accordance vdth their average value . 

I ThS ^ bS fount? ^d'-anically, 30 as * rsli . TO „» ;Tunr ^ r of ^ calenl 


V« r ith the modem high speeds of aerial 


ding on the 


vu: -o.ons of 4-n air combat tarred 


.7 r , eafi..;, r the. i r 


path so that the gunssight alone no longer suffices to evaluate the fall of the 

projectile . Cof^s'i’iont.nr - — , ~ — _ . . 

p-^-KUr arasss an construct^ auiom.tic mn- 


the formation of the elevation. T} 


affected by the range. However, the range has to be found 


s in constructing cute* tic .pan- 
n£Ls of elevation is, primarily 


so that the 


gle of lead ;.ay be f ormed. 


Once the ran 


— r;-o - c c our 


in ford n j the arple of elevr.t* so t’ , -' > t *’ . •=. i 

y ^ v ''J- -!-- ys r ^ r r.r. -n c c 

v.a th the rar^e. 

■e -Uvonavac gur-S’ght has two taels to solve: first, forming 

the rel-tive angle of leal and, second, adjusting the angle of elevation to the 


or; h o"’/ trees tasks car be solved aubonnti cally 


in a qun-si.pt mounted or: a pursuit plane. 


To be, pin vrith, v.<e stall 


^ ~ xcnr ^- vr into the field of mechanics and 


-et acquainted v/ith V e feature, of a remarkable device known as the -moscone. For 
a better ^derst-dinp of the principles upon vddeh automatic -un-si^ts are built j 
it is necessary to have a knowledge of these features. ? 

i 

— - - g - UrSX ° n into the Field SL ftfe c haniJcs to Get Acquainted v/ith the Properties 1 
of a Gyroscope 

j 

It was established over two centuries ago that bodies revolving at high spe-ed-j 


k 
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acquire certain characteristics that differ from those of stationary bodies. 

~ — We are all familiar with an ordinary toy —the top— a wooden or metal-disk 

mounted on an axis with a sharp end. 

We s h a ll insTitably fail if we tried to place a stationary top on the sharp 
end cf the axis. But if we imparted motion to the top we shall be able to place it 
on the axis without any difficulties and it will not fall as long as it continues to 
revolve at a sufficiently high speed. We shall easily find out that the top would 
not even fall when its axis is greatly deflected from the vertical. Then, the 


~ ble reason near the vertical that passes through the point of rest. 


JV 


_ Fig. 189 A top to which has 
_ been imparted a motion of 
__ rapid rotation does not fall; 
_ its axis merely describes a 
_ circle in space. 


Who has ! not seen jugglers perform with plates or 
balls and we know that before placing a plate on 
the shazfp end of a stick or holding up a ball withj 
one finder or on the tip of the nose the performer 
would irevitably set them in motion. 

Bodies revolving at high speed have the pro- 
perty of resisting any change in position. 

In 1752, Serson suggested to use the charac- 
teristics of rapidly revolving bodies to form an 
"artificial horizon" on a boat. Unfortunately, 
the SS Victoria on board of which he had been 
testing i his discovery was shipwrecked. The inven- 
tor perished and his invention was forgotten. 


A hundred years had to pass before new attempts were launched to utilize the 
[ properties of a revolving body. These attempts originated with Foucault’s famous 
’ experiments on which he reported before tlie Paris Academy of Sciences in the year 


Foucault who introduced the ter m "gyroscope" to science. Literally. 


'N 


Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 







Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1 




it defines ”a device to view the rote’- *on . » 

This definition is clearly understood if ve pointed out that with the help of 
a rapidly revolving fly-wheel Foucault established the rotation of earth about | 

its our i axis in a laboratory for the .first time. In its present use "gyroscope »» I 

applies to any me vice v/ith the characteristics of a rapidly revolving body. Forth— I 

with we shall use the word fT ■ 30*0 scope” in this connection. ' 

Gyroscope with two 

degrees of freedom In. the subsequent 5>0 years, however, the* 

tne 3t '' fcs °~ technolo::7ao v: ‘ 8 " p “ lod 
made any application of the device in- 


Gyroscope with three 1 

degrees of freedom 1 

Fig . IpO. Gyroscopes with varying numbers 
of degrees of freedom. < 


1 1 iie nrsw gyroscopic oompasses were . 

constructed as late as in 1906 . The rapid 
development of technology led to the in- 


vention of new precise gyroscopic in liniments • Mow, gyroscopic devices 0. s sune in- 
creasin ; importance in various branches of technology.. In military technology gy- 
roscopes are Trade ly used, particularly, in aviation and navigation. 

ihe basic part of a gyroscope is a disk f Iv— vrheel or another revolving body 
imparted v/ith an axis that rotates in space in one direction at least. 


The basic characteristic of a 


gyroscope is its resistance to any change in 


position. If the revolving axis of a gyroscope were directed to a star in the sky, 
we could see that continues to "gaze" at this star as long as the latter moves to- 
gether v/ith the horizon. As soon as the star vanishes beyond the horizon, idle 
axis of the gyroscope continues to follow it and will be directed directly toward 
the same star when it rises again at the opposite end of the horizon. Since the 
visible movement of the stars is caused by the rotation of tie earth about its own j 

. axis, vre know that the axis of the gyroscope does nob rotate with the earth, but I 

.keeps... its direction constant in space. A gyroscope provided v/ith an axis that can ! 
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crease. The action of this gravity brings about the deflection of the axis of 'tbs bl | 

top in perpendicular direction and since this component is continuously active re- • j 

volving with the axis, it is natural that the axis also deflects continuously try- i 

ing bo get away from the action of force. As soon as the revolution of tte top 
slows down, its axis begins to rotate in an increasingly wider spread, until it 
tuinble s on the surface on which it has been placed. 

The motion of the axis of the pyroscope under the action of outside forces is 
called precession. 

If the end of the axis of a top were placed on a point of support, so that it 
would be in horizontal position, it would not fall provided that its rotor would 
revolve npi-lly continuing to rotate (precsss ) on the horizontal plans. 

5y having various forces act upon whe axis of the gyroscope we may convince our- 
selves that the angular velocity of its revolution increases as the forces that act 
upon it increase. However, the greater the distance from tin rotor and the less 
action there is, the greater the angular velocity of the rotor rotation* the rotor 
shows a hx.gr.er resistance to any change in position and its spread in relation to 
the revolving axis increases accordingly. In other words, the angular precession 
velocity is directly proportional to the moment of the applied force ani inversely 
proportional to the angular velocity of the motor rotation and the moment of inertia. 

Without dwelling further on the properties of the gyroscope, we shall see non- 
how these properties may be applied in order to form the angle of lead and the 
elevation, 

101. Formation 01 the Relative Angle of Lead by tie Si t— Mechanism of a Pursuit 


When it comes to the automatic formation of the relative angle of lead with 
‘ t ’ he sight-mechanism of a mobile gun installation, the problem of estimating the I 
angular target velocity presents no difficulty, since the angular velocity a t -which I 
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the s i gh t-me c hr»nis;n 'is i.W'Ovt ..j-.iy be judge I acrordir •; to u*a v "-loci x.y of its turn in] 
relation to the aircraft. -j 

It is iiiuch i tore difficult to determine the angular target velocity vd tli the 
help of or. automatic sight-rechcnism in a pursuit plane. The si ghb-mach an ism in 
pursuit n lares is stationary-- therefore, th? sight arris can only be adjusted by 
turning the entire aircraft. Consequently, it is necessary to know hoy/ to find the 
angular velocity at which the aircraft turns since the gun- sight does not shift in • 
relation to the aircraft.. 



t 

t 

u 


on© j'uiyos© Oj. co. (pisrx'eon is, o::©i-ei oi*-j , neeaea ou ©suLiiiu© •••.:© ung i- vsjl oc j. u,y «iv 
which the aircraft turns, fhen, the angular veloci t'j at which the aircraft turns 
could be determined by the relative angular turn of the aircraft and that of the 
device. It follov/s, that the angular target velocity could also be established. 

For the above purpose only the gyroscope can be utilized since one of its 
axes always resists any changes of position in space. 

If a gyroscope in an aircraft vrare imparted rapid motion, 5 ts axis would con- 
tinue revolving all the ■time in the seme direction regardless of any turns and moves 
of the aircraft. By 'measvr*.^g the velocity at which the angle between the aircraft 
axis *r • the axis of the gyroscope increases, it is possible to establish the angul- 
ar velocity at which the aircr- 5 ft turns and if the axis of the aircraft were con- 
stantly oriented toward the target, we v/oul d obtain V. e ar-guDr r target velocity. 

Let us see now hovr this angular target velocity helps to form the angle of 

lead. 

For a better understanding of this operation, let us imagine that the gyroseope 
possesses the unusual properties (Fig. 193) that we try to import to it. 

While an aircraft is in rectilinear flight the axis of the gyroscope is par- 
allel, to that of the aircraft. Y/hen the pilot begins to turn the axis of the gyros-* 
i cope in tracking, .the. axis maintains, to begin with, its original direction lagging ; 


182 
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: b#hlnd the °* the aircraft by a o.rtjin angle; eventually, it beglnrSTTSE^T 


n 




n 




c J>0 


the aria of the aircraft. 

but at a lower angular vel 


3 > 

' .'Tr ' 


4) 


A 


S) 


\U>r-(J=0 


ocity, i.e. while no longe:' 
following ite original dir- 
ection it will, neverthe- 
less, lag behind the axis 
of the aircraft. 

We assume that the 

i 

gyroscope is able to turn I 

faster as the angle that ! 

has formed between the axi 

of the gyroscope increases, 

At a certain angle of divergence the velocity at which j 

the gyroscope jturns coincides with the velocity at which! 

the aircraft turns. As the gyroscope continues to turn j 

the angle between the axis of the aircraft and that of | 

the gyroscope remains constant, provided that the angula|- 

3 3 I velocity of the aircraft does net change. If this angle! 

tO.jFig.193 Let us imagine a Wre greater * th ® angular velocity at which plane turns 

r2~® rroscope# characterized would also increase in proportion. In tracking ope rat- j 
by the following unusual 

1 4__ properties : (1) in recti- ions also increases in proportion to the angular tar- 
— linear flight, the axis of 

l6 ,th. gyro.cop. coincide with that of th. plan., (2) when th. plan, turn,, th. axi, a * 
18 H gypoaoop.. In it. tendency to naintai n it. original position, be gin., by E gging 
;o Jb.hind the axle of th. plan.; (3) th. axi, of th. gyro.cop, b.gin. to follow th. tJL 
2-° f th * p1 "”* b “ fc at a lowwr ▼•loaity; (4) at a gir.n angle of lagf r , th. 

° f L h *..f yr °* C ° P< ' h* 81 ” *° tU ” "}* "" a, th. axi, of th/plan., 

IU» plan. r.,um« lt» r.otilinwr f light, th, axi. of tfa.gyroacop.crtoh.r 
6-j UB .. with that of the plane, and from then on coincides Jt , 
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faster as the angle that 
has formed between the 

| 

of the gyroscope increases] 
At a certain angle of divergence the velocity at which 
the gyroscope jturns coincides with the velocity at which 
the aircraft turns. As the gyroscope continues to turn 
the angle between the axis of the aircraft and that of I 

the gyroscope re m a ins constant, provided that the angulah 

! 

velocity of the aircraft does not change. If this anglej 
were greater, the angular velocity at which plane turns 
would also increase in proportion e In tracking operat- 
ions it also increases in proportion to the an g nia r tar-j 



Fig. 193 let us imagine a 
gyroscope, characterised 
by the following unusual 
properties: ( 1 ) in recti- 
linear flight, the axis of 
th. gyroscope coincide with that of th. plan.,- ( 2 ) whop th. plan, tarns, the axis i 
the gyroscope, in its tendency to naintalp its original position, begins by la gr i„ c 

behind th. axi. of the plane, (3) th. of the gyroscope begins to follow ths t« 

of tho piano, but at a lower angular T.looity, ( 4 ) at a giT.n angle of lag* p , the 

axia of the gyroscope begins to turn at the .an. Telocity as the axi. of U^plnno, 

1 ytt tHiu*fcr flight, tbs axU oft he gjrwreopf rateiisg 
with that of the plan e, and from then on coincid es with it • 


JL^3_ 
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; ■ ■ V 


£ 


m: 



: get velocity. 


nuning angle would be dir: 


■) raporui 011?. 1 


Let rs jo even TurM.e 
r e ’n/.r.l r vjIoc’ by at v-’\‘ ct the aircraft bums. ; 

As the gyroscope Is c’ •• arr.c tori zed by; such ram r! 'able properties, ire May orocaed; 

• t . 




a Do’ 


■9 bind of O'-; tier. 1 . 
f tV •? optical sj *ht 
V.V- our !--. n V, let y 
-.-*th the -»:•'? s of the 
f *t ? .fter i -eot* V-’ 




t-i’octa-h so is V "Vly attached to 
i*o nl l mr. parallel to t! at 
si.i V' o'jq X/’ at t' -e 1 * • -* of t’,^ o v ' tied 
-•arosco’-'e • 




rp aar.euve n.np 

-'.A ftnd . tV*’..-* v» *r 


b -Ith tie help of the 
■/he aids of the gyros— 
2cf or of its vi. sib Is 


ot i o ■ jr e ■ co no, f ■ e a:d. s 
... of Me .yr-.' scope. To V- 
si ght— mechari s.a oo ’ ■ ci' , oi 
st all also as -a is 

- target l-?-e ao-.rci--ei.-ith Vat th.at of the optical 

- bo maintain the lire of s' ;; tfrg VaV ; l/ on the t'rp: 
aircraft, 

aad.s of the gyroscope, the a::*. a of the a~.ror~-.ft ■lefle*: 

.. .- cope moving in "rout of it and -receding the target ir 
movement. 

, ,, be pin with, the ax* s of the gyroscope ~ocl; : slide off the target either 

; ,-h"\ lapping or overt? Icing it. 3 y manipulating his control iteels tl-e pilot achieves 

that the axis of the gyroscope points steadily at the target.. This becomes possitk 
: ‘when the angular velocity at which the axis of the gyroscope turns coincides with 
d o ! the relative angular target velocity. 

5(0 IT the angular velocity at which the aircraft bums were either greater or ; 

52 | smaller than the angular target velocity, the target would either lag behind or 
5 O. AYe.r^Sh. 0 . tM.V-:o,s o.f_the aircraft., i.e. it would lag behind the axis of the air- 
56 j... craf t and th at of the gyroscope or catch up with them. However, if the angle betwefn 


18U 
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•; " j 1 :ir l '' r: 1rro?cr.;,e var? docre-tsed, h ie angular vo- | 

( ; v V 1,110 ''^ r ° L 'C0P s —--s turns ;ou .r iso decrease and — . at a .given aooenb*j~ 

r * r 7,1>r V ' loo -" : ° r ho ‘'' ' ^ al: no-' . If hb* r, of th, — o^o-e lagged ' 

’ ” a " ‘ ' c; !; -'® : ' v ' c — f ' r the -.<>gle bo twee*-. ' '.e axe? would 

^ >,wlt ir ^c? ; -s vi -n,ylrr v.lnc-- ty or the arc ? of bb e V : ; lv . 

allnaaerr- -*•’ the angular v^oci.V of t:-.e -ircr-vCt. I'. follows, v r t -ftna* 

. tv- at. an a-nl?.r valn C < Vy that 3-als the angular velocity of fcV target ao>>on S 

^ ~ ~ ' , r 2 r elat.-.ve o_. cbe tarreh o' n run. *■ $- e. ««, r o « ■— ^ r . r ^^, 

' ^ u - ---'f,vlai ’. r M^c:. at v-'i -.a e su-.i-c raft tiu’r.s 

: ... ::!:Sb alS ° be inor ” sed - **-'.«!*« i” r - T .^vW ir ,^ er t ’« axs.3 of 

. tho ::;-«*'Core ir ^ orioJr^l hociv.op. Crc3 • ^loc^is <H -- •'• v’, the nxls 
°' b * ~ -'o_’co e o_‘: ro-.c -or fc.-e arc 1 s of K::e aircraft ard t’ir*v", rt i 

: ?3?S ^ 5 - V -’ 5 - ror ’ f! ' •* v 5rer*e*«! velocity, the area o' f-« -tocooxs 

vould devi ate fron t’at of the x*r craft also tvrr^~ lt v ?r , %od Tn ^ 

case, o.-s arc-e beta-3 _>r the vds of the gyroscope an I the axis of the i$r plane -would 
- cuwanash, in the la tter it ---Ml increase. Co- segu ;ntly, this an~Le dll increase 
, as the angular target vMocil. increases and dinirlsh at lower velocities. The 
. axis of », rcreft r.nd, .on^nuentl;-, the screr of the r . -h-.rr =1 •• ,Lh C h R re Botobed 
st-tionrrr ir the aircraft, freeze the motion of the arc's of the -o'osco-e ,*1* 

• ,. thS ? ±lot 5n lins the barget. That :*ans, that ^ are adjusted 

■r. .; .follows the visible target faovenent • If the azd.s of the gyroscope lagged behind 
v?’lt he ° f the a ‘- rcraft b y 3X1 a^&le property oral to fee angular target velocity, 

H C-,~l V0UJ ' - - olla.v that, tr.e angle between the axis of the gunner's aircraft and tbs 

■ - f* 18 ° f the tSrr°soope would be proportional ix> the relative angle of lead* This 

a:, Jangle ..yrauld ..exactly equal the necessary angle of lead for a certain range of firing j 

^6_j.If_2.t_.were. to be applied to other ranges it would have to be diminished or increased 

i 
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, | according to a decreased or increased time of flight of the projectile and by the 

”| i 

, respective range, i 

| ■ 

Consequently, a device must be used l^o increase or decrease the angle that 




//*rrfAU.r, rtftr *x/s orrte 
C/ieosOOAV C <?/WC/£>4PS 
ifvrrtr firjj r or 7ffc r±y%rrr. 



v* c°y & ° v 


'j^VeS^Rela tive lead 
^ angle 


forms between the axis of 


the aircraft and the axis of 


the gyroscope in accordance 
with a given range or fir- 
ing. We know, that the anglfe 


nf 1 aaH ia nnl 


ted by change in range, but ; 
we also know that the angular 
velocity of the target chan-' 
ges greatly with the range 
and is inversely proportional 
to it. Since the angle of 


lead has to be increased in 


firing at a remote target 
and we know that in our 


As the gyroscope follows the 

axis of the plane, it lags sight-mechanism it is auto- 

1 behind it to an extent equal j 

to the Talue of the lead angle matically decreased as the ! 


' ! — Fig. 194 In the process of tracking the target 
46— .the sighting mechanism forms the relative angle 
4 8 — of lead. 


angular target velocity de- 
creases, a device must be 
applied that would take this 
factor into account. Two I 


0 — 1 adjustments would have to 

2 — be made by this range corrector: adjustments according to the changed time of 
4 _ flJ^ht-of the projectile r and adjustments necessary in view of the changed 


i angu i if rge i. Tpjjocxujr* uus xg required to prevent that the angle 


i 
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~j da craves as the range diminishes. In otjier words, a position Imist be achieved at 

' angLe betwen the axis of the ^rcraft and the axis of the gyroscope wrmlri 

4 J j 

i always equal the necessary angle of lead that corresponds to a given range vAi ile 


the target is tracked. | ~ 

sZj # ' j 

— . Iftider these circumstances, maintaining the line of the sight on the target the 

1° — j 

— Pilot can open a steady accompanying fire 'since any change in firing conditions, i.e , 
12 — l 

_jany changes in the angular target velocity or in its range, are automatically and 


| gyroscope and that of the aircraft. 

3_j 

j So f ar no gyroscope has been 


available with these properties. We shall certail- 


_Jly work on its construction. Yfe are aware of the fact, that one of the most out- i 
22 i 

— standing properties of a gyroscope is the ability of its axis not to deviate in -the 

24 ‘ 

— direction of the a cting force under the effect of this force upon the axis — under 

26 _J 

— the condition, of course, that the gyroscope revolves at an adequately high speed 

20 

— jbut to deflect always in the direction that is perpendicular to the direction of the i 
•' ; ! — j ; I 

— [acting forces. j 

This characteristic of the gyroscope may be utilized for the formation of a ! 

^ — [relative angle of lead. j 

3 y~~j Yfe must make the gyroscope process with an angular velocity equal to the angui-l 

velocity at which the aircraft turns and, consequently, to the angular velocity cf 

i2 — target# we have to make sure first that the axis of the gyroscope lags 

44 — jk eh ^ nd axis °T the aircraft by an angle that equals the relative angle of lead. 

4g H Vor reasons of efficiency we shall divide this task and begin with the questicr 

—tof how to make the axis of the gyroscope fbllow the axis of the aircraft. Then we 


ihall proceed to examine how we can make ijb rotate with an angular velocity thLb 
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~T *o make the "sod's of the gyroscope tu^n in a certain direction, the force per- 

> j 

joendicuXar .to.. this direction and oriented | accordingly must be appliagLAft .jtg,.,a jgjjL*-, 

If, for instance, the gyroscope rotor turned clockwise (looking along its axis from 
... i tail to nose) while the aircraft turns to; the right, we would apply downward force 


_ following the law on the direction of the . precession toward the rear end of the 

axis of the gyroscope. When the aircraft 1 turns to the left upward force vould be 

applied, when it climbs, this force must lj>e directed to the right; vhen the aircraft 

_J turns downward the force is directed to the left. Thus, the axis of the gyroscope 

will always follow- the -axis c£ the airorift. These. fn.rrves. . t/jus t , however , only be 

acting while the aircraft, turns. They must be increased as tie angular velocity of j 
3 — ; ' | 

the aircraft al so ? r creases and the axis pf the gyroscope adjusted in a prallel 

position relative to the axis of the aircraft. *^ben the aircraft ceases to turn j 

4 — ! . | 

— ! the action of these forces must also stop and no longer act when the aircraft proceeds 

—Jin recti angular flight. 

a | 

i To solve this task we shall have to resort to electrical engineering. 

ft i 

— ! Let -us attach a non— magnetic metal disk to the end of the rotor axis and let 

-• — I . 1 

-Jus balance it by a corresponding shift of the rotor along the axis of rotation. j 

— We shall then set up the gyroscope in an aircraft so that the rotor axis would 

6 

— run parallel to the aircraft axis while the disk would be on the side of etteuta.il • 

8—1 

Opposite the center of the disk a stationary magnetic pole would be attached. As 
^ — the gyroscope is set in motion, the disk attached to the axis vould rotate in the 

— magnetic field of the magnet. We know that in similar cases induction currents or 




— so-called Foucault currents are produced in metal di skA.p i-Aceording to thB Lena's 

46 — , 

— law direct induction currents are always produced to inhibit the motion by -which 

4p — 

they are produced due to their magnetic action. Cor> sequently, if the magnetic pole 
59 ~ were placed opposite the center of the disk, the magnetic action of the currents 
54*1 produ ce d in the d isk a s th e gy roseppe rotor revolves , -v^uld__bave a braking effect 
r 6 ~~ on the rotor motion. This braking effect will be overcome by +lie motor that sets 








■C r '^| 









mm 
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Jthe action <witfc 'the result tlia It the — I5ePtr^n3■ 

as sum e that the aircraft is making a left j turn. Since the evrosoepe maintains the 
direction of its axis in space, the aircraft shifts the magnet firm its position 


„J opposite the center of the gyroscope Wsk to the right by ttumirg . The ^ 

8 _J 

— currents produced in the disk opposite th$ magnetic pole -will follow a direction in 
10 — 1 

— -which their action resists the direction 6f the peripheral spaal of the disk near the 

12—1 

j center of the magnetic pole, i.e. the braling effect on the disk would be directed 

1 4 —] 

— ■ upward as the rotor revolves to the right , Since the force is directed upward while 

16 — J 

_j the vector of the perioheral velocity of the disk conducted through the end of the 

1 8 J 

_J vector force is directed to the right, th<» rear end of the rotor axis of tie gyros- 




- 

. - , -'••• 


ps- M—Ui G®ix6w w w w*iS wiiiiSviuwiujgr, i»iw x x 0*1 o Ox on© 3 fo cor axis wcnua I 

■ 9 -’ - j ‘ . I. „ . I 

— j deflect to the left following the axis of ! the aircraft. It is obvious that the 
2 4 — j | 

— J greater the angular velocity at which the! aircraft turns, the greater the angle at 

“5 — I 

— j which the axis of the gyroscope lags behind the axis of the aircraft, and -the great© 1 
— I the shift of the magnet in relation to the center of -the disk. Since the linear ve- 

i locity at which the metal disk passes the magnetic pole increases the farther the 

— | 

magnet moves away from the center of the disk, the braking effect on the disk will 

34 — i 

^ — | also increase as the magnet shifts. That : means , that at great angular velociti es 
— j the angle of lag of the gyroscope axis will increase in proportion with the increase 

3 3 j 

— j in the shift of the magnet away from the center of the disk. The forces that act 

4 0 I 

— on the disk will also increase and, consequently, the gyroscope will process with 
44 — greater angular velocity. At lower angular velocity, the axis of the gyroscope 

will catch up with the axis of the aircraft under the braking effect, the shift of 

40 ; 

4 g the magnet relative to the disk will, diminish producing a stronger braking effect 

50 ^ and a decrease in the angular velocity ofj the rotor axis. This will centime until 

52Z ' the angular velocities of the gyroscope akd of the aircraft are adjusted. As soon 

as the aircraft ceases to turn, the axis of the gyroscope catches up with the met* 

__ braking ' — j— — * — - : - 

56 of the aircraft under t he/effect, so that both coincide. 


m. 




f 
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Thus, each angular velocity at which the aircraft turns has a certain corres- 
ponding angle at which the axis of the gyroscope lags behind the axis of the air- 
craft, regardless in which direction it turns. 


Gyroscope 


In recti inear 
flight 


Turn to left 



fiear view 
hraJcing 
force 


Direction of 
rotation 

^ urn to right 


Direction of! 
precession 


Hitching 




ox rotation 


3 8— 

4 0_ 

42 

4 4 

46 — 
48 — 
50 _ 
52— 

54 

56 



q Direction of rotation 
Arbitrary turn 
o V in space 


e) 

Direction of 
rotation 


Direction of 
rotation 


Fig* 195 By using a magnet, it is possible to make the axis of the gyroscope fol- 
low that of the aircraft. 

By applying a magnet of a certain force, it could be made possible that each 

i 

angular velocity at which the aircraft turns — i.e. each angular target velocity— 

angle that forms b etween the axis of the air- 


angle , in turn , equals to the re quired angle 1 
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]of lead that corresponds to a certain ran^e. 

| Such correspondence would not exist I" other ranges, since the angular target 


-j velocities will change as well as the tim^ of flight of the projectile while the 
“lateral velocity remains the same. 

Hie required angle of lead must he determined so that the range can be set. 

For that purpose, the force that acts upon the axis of the gyroscope must be changed 5 . 

— However, this can only be accomplished by either changing the velocity at which the 

__________ _____ __ tensicEw By rhjwgiwg the velocity at which the 

— gyroscope revolves the desired effect would not be produced because the disk fly- 
wheel of the gyroscope is characterized by great inertia so that any corrections 

of the angle of lead formed by the gyroscope would be made with great delay. There-' 
fore, we have to resort to the second method: changing the value of the force by 

— changing the magnetic field. By using an electromagnet instead of an ordinary 
magnet this is easily accomplished. A change in the strength of the current in the 

— electroaagnetic circuit would result in a change of the tension in the magnetic 

— field. This change affects the value of the acting force that affects the axis of 

~ the gyroscope. Hie range may be fed in the sight— mechanism by regulating the slide 
. .“ of the rheostat that is connected to the electromagnetic circuit. Allowance must 
, f ." ' be mad© in the rheostat winding for the angle of lead formed by the gyroscope, so 

that it would correspond to the range setting in the sight-mechanism. This includes 
to c hang es in the angular target velocity in conformity with a given range as well as 
] the effect of a given range upon the angle of lead. 

Thus, the problem of forming the angle of lead automatically can be solved. 

In sighting, the pilot’s task is confined to maneuvering his aircraft and 

the optical sight that is connected to the gyroscope axis on the target 
and adjusting continuously the range. 

Below, we shall report on method s of range setting, but first we shall dwell 


50 . 


on the task of forming t he angle of sight. 

191 
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102. Forming the Angle of Sight 

For tha formation and adjustment of tho angls of eight in acoordanoe with a 
given range, the same technique as used to form and adjust the angle of lead may 
be applied. Let us visualise another electromagnet placed above the main electro- 


Aluminium disk 


Gyroscope 



current 


Rheostat 


FiU'. 196. The angle of lead made by the gyroscope may be made to depend on 
the range, provided that an electromagnet is used instead of an ordinary magnet 
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When electromagnets 
are inactive 


When electromagnets 
are activated 

Fig. 197. This sh ows ;iow 

electromagnet. 



pia 

___Axis of gyroscope 
Sighting angle 

angle of sight is formed by means of an auxiliary 


magnet located opposite the center of the spmoscooe disk and serving to form the 

angle of lead. Under the action of Foucault currents the braiding effect is directed 

against the rotor movement . If the rotation of the gyroscope t/ere' clockwise, this 

force would be directed to t.±e left, kith the help of the law of precession, it is 

easy to establish that the rear end cf the rotor axis with the disk closest to the 

pilot would deflect upward. Tnat means, tnat the front of the gyroscope axis would 

deflect toward the axis of the aircraft. By maneuvering the aircraft, t:.e axis of 

the gyroscope can be alined with the target. In this case, the axis of the aircraft 

and, therefore, the axes of the gun-barrels mounted on the aircraft would be direct- 

strength of the 

ed above the target. By changing the/current in trie electromagnetic circuit, the 
angle between the axis of the gyroscope and the axis of the aircraft could be made 
to equal exactly the angle of sight at a given range. By a further change of the 
strength of the current in the electromagnetic winding, the angle of sight can be 
adjusted for any range. It is, however, necessary to adjust the sight-nedianism 
to the changed range. The same applies to the rheostat slide that is connected to 

193 
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~ the electromagnetic circuit- The rheostat winding would, of course, have to be 
adjusted accordingly. 

; Now, the only problem left is the finding and setting of the range. 

— 1 103 . Range Setting with the Help of a Sight-MecfaanigBL. 

There are two ways to find the accurate range. Both are based on scaling the 
— ] angles of a given base that can be chosen either by reference to the gunner's aircraft 
H or by reference to the target. Depending on the site of this base, the methods of 


are known as i,unexnoa w? ucbox-oiuic 


_ __ Mfawan/%0 frt +.V»A 


gunner’s plane, and 2) method to determine the range in reference to the target. 

In the first case, the range is found by scaling angles a and p and solving the 
two angles of triangle AA c C and side (base) AOB. However, this method is not used 
in aerial gunnery since it would be too much to expect the gunner to determine ang- 
1 les a> P (Fig. 196). 

In the second case, a given target length serves as the base such as, for in- 
stance, the length of the fuselage or the length of the span (Fig.199). After deter- 


mining the angle at- which the base is visible, we may find the range with the 




S 4 " - ng . 198 Wl n e i p l w of -finding-range by Fig. 199 Principle of f inding ^raage-by-j 
56 j to t he plAneof the^ggimer. reference to the target. j 
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help of the f ollowin g formula that hdS alren V been <iuoted: 

1 
f 
I 

Since a target aircraft may be at various fore shortenings, and so me tines the j 
span is visible, sometimes the length of the fuselage and sometimes both, the dis- I 
tance between the most remote points of the vi sible silhouette of the target is 
considered as the base. This length is considered equal to the mean arithmetic 
value of the length of the span and that of the fuselage, i *e . half the sum of the 
length of the span and the fuselage* 

This principle is the basis for finding the range with a range finder in autom- 
. atic sight-mechanisms* fhe gunner does not have to find the range py calculation 
but merely has to set it automatically with the help of the sight-mechanism* 

When using/ ring- type sight-mechanism, the gunner estimates the target angles 
by the eye through a range grid in the sight-mechanism. If automatic range finders 
were also constructed along this principle, the gunner would not only have to scale 
the target angles and estimate the range, but would have to set it while sitting, 
so as to form the angle of lead and the angle of si gating, however, the idea is 
to relieve the gunner of this operation and to have an automatic range finder* 

JjBt us imagine that in the field of vision of the sight-me danism, there are ver 
two pivots which the gunner may either draw together or pull apart with a mechanical 
device. The gunner would enclose the target between the balls -dg us ting the pivots 
accordingly. Evidently the distance betv/een these bills would indicate the angle at 
which the target is visible, i.e. the range (with a given size of a target). 

The motion of the pivots can be transmitted immediately to the rheostat slide . 
of the electrons gnetscof the sight-mechanism, so that the range would be fed in the 
sight-mechanism automatically. The gunner's task is limited to framing the target 
between the balls of the range finder. Since the target may assume different po- 
sitions in relation to the gunner, several pivots with balls must be placed in the--! 

; | 
field of vision of the sight-mechanism, so that the target could be framed in any. J 

195 I 
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position. These mechanical devices restrict the gunner »s field oF vision . ~~For ihSj 
reason, optical instruments are used to s.fcale the angular values of the target. The' 
gunner sees only luminous pips which he can draw apart or pull together with the hell 
Of a special device enclosing the target so as to set the range, let us see, how 
these luminous pips are produced in the field of vision and how they can be drawn j 
together or removed from the sight axis. ! 


1 


Scale of distances 
or rheostat 


XL 


f Range finder 


TX 


' 4 j Eye of gunner 

36 Zj F1 «- 200 Principle of setting range in Fig.201 Design of luminous diamond- 
— I lighting. shaped pips of range finder. 

3B d Let “ i “ 8ine t4,D 0paque di8ka - <*»• them had a redial slit and the other 
4 0--; is provided with irregularly shaped slits. If each of these disks were illuminated j 
1 individually, a numinous straight line would show on the first disk, and irregular- i 
ly shaped slits on the second. If we placed one disk over the other and illuminate^ 
them, only a diamond -shaped rhombus would show where the straight cut intersects 
the irregularly shaped slits, if th . disk with the straight slit remained station- 
ary, the luminous rhombus would be shifted along th. radial slit moving away from 
th. center or approaching it in accordance with th. direction in which th. disk 

ft corresponding 

-Miaous rhombuses would show along the oircumferMce. 


44 . 

46 | 

•18 

50. 

52-| 

54 

56 
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, th If th9S9 disk3 — plaoed befora ** ™, he would 
II 8 1 ' minc ’ U3 pips - For that reason, Hie pmall rhombuses are built m th th„ i f 

" | “ ° Pti0al deVlC9 Similar t0 tHat f °f «*• oons ' t ruction of the grid of collimaJ. 

. foouSjJ ' l » the objective on the disks and letting the rays' from the sotuce 

I ° f HSht PaSS thr ° USh th3 ° PeningS in we could obtain an infinite image 

= 3 ° f ° n thS refle ° t0r - Tha <** *«, the irregularly shaped fibres 

4 q be atta0hed ^ thS help ° f a sear* or rope drive equips* with a tocb> s0 J 

r . that the r> n 1 /•>+. po ol yj j- - - - _ i.i, , . _>• , j 

" U ‘ 1S aTi an ^ Le to Produce the luminous images of I 

q the diaa ° nd - Shaped pip£ ** ««• distance from th, grid center, fj slides! 

H ^ th ’ rha ° StatS ° f ta * 311318 ° f lead and ths <* sight could also be connected! 

q ^ thiS kn ° W - nie PilQt «“ *“ ^ in the range directly by turning the kj 

q and frame the target by the diamond-shaped pips. j 

d “ aS th8 angUlar TOlUeS 0f **“ ta rget * not depend on its range but 1 

q depend on its linear values, this operation can only s erve to determine and set j 

I; the ranse f ° r defiMte target size - However, without essential nhanges tie 
^ above installation could be adjusted to register any range length. For that purpose!. 


Here are the results that vre could i 


3 4_Zj the disk with radial slits roust also be mobile 
36lj 0btain ^ P roce eding in this manner: 

3s q let us assume, that while the disk with straight slits is stationary, tbs disk 
4 H rttt th9 irreSUlarly Shaped a ^ es has - *» shifted to a oertain an*le, so as to 
4 H fr#Se th9 tereet ° f a giVBn Size - This ««* -nld correspond to the 'range of the 

4 J target. If another larger target ware placed at the same distance, the diamond- i 

46. | 


48- 

50- 


q shaped pips viould have to be moved apart mere. To achieve this, the disk with the 
irregularly shaped figures has to be turned at a greater angle. Si rce th. range J 
Judged by the angle, at which the disk id turned, an* st rc e this turn is connected ’ 

u- umucteu. 1. gn.Ur th„ a. 



JSt. 
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J charact eristics, [ ■" ' " 

2 J I 

! 10lu Design of an Automatic Sight-Mechanism 

The pilot must watch the diamond-shaded pips in the range finder and the 
clearly marked direction of the axis of tiie gyroscope in order to aline the* - axis- of-! 
i the gyroscope and to frame the target properly. At this point, it should be nentionj- 
_J ed, that the diamond-shaped pips must be symmetrical in relation to the line of 
j sight since in tracking the target the lipe of sight coincides -with the target. 

; The target, however, must be framed s imult ar.eo us ly by the diamond -shaped pips of 
■ the range finder. We know that the line of sight must always run parallel to hie 
i axis of the gyroscope and, therefore, the gunner's eyes must also be fixed on the 
_j diamond-shaped pips in a parallel direction relative to the axis of the gyroscope. 

J A system of mirrors is used to form the axis of sight and to produce the diamond- 
.j shaped pips before the gunner's eyes. A round mirror is attached to the rear end 
j of the axis of the gyroscope, opposite the metal disk, and another mirror is mounted^ 
on the sight— mechanism to direct the rays! from the round mirror to the reflector. 

A third mirror serves as & reflector directing the rays into the gunner's eyes. 

The rays from the mirror that revolves with the gyroscope rotor are produced by a 
•j bulb. These rays pass first through the slits of the range finder disks, and 
— ] through the openings in the centers of these disks. After passing through the 

central openings a ray strikes the round mirror and is reflected on the stationaiy 
mirror from where it is transmitted to the reflector. As it glances off the re- 
flector, the ray hits the gunner's eye and the gunner sees the image of a luminous 
point along the entire length of this ray behind the reflector. If the axis of thej 
gyroscope were parallel to the axis of the aircraft as the ray hits the gunner *s 
eye, it will remain parallel to it at an^r turn. It is this sight ray that the 
/H gunner must bring in line with the target. Other rays from the bulb produce the ; 
images of the lundnods diamond— shaped pita behind the reflect as they pass through 


the slits of tbs range finder disks* Xh^se diamond-shaped pips are symmetrical 


STAT 
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relative to the central luminous point, ^tma, the whole grid composed of diamond- 


Reflector 

Sight &ai« 

Rotor of Metal 
gyroscope disk 

Mirrors i 


Auxiliary 

electromagnet 


Range finder 




F Main 

electromagnet 

i ^ 


tral point shifts in 
the same direction and 
at the same angle as 
the axis of the gyro- 
scope wherever it may 


Base ^ 
setting^ 


^ ^ of 

i current 

j range 

Fig. 204 Design of automatic sight-mechanism in a fighter. 


Source of 
current 


ine range iioanr j 
disk with radial slits 
turns with the help of 
a base setting handle. 


The disk with the 


irregularly shaped 


figures is connected with the knob of the I range setting system and with the slide 
of the rheostat of the lead and sighting angles. At one end, this slide is shif- 
ted along the rheostat angle of lead, and at the other, along the rheostat angle 
of sight. The windings of the electromagnets are connected with the rheostat 
windings, so that any shift of the slide increases the resistance of the winding 


of one of the electromagnets, diminishing 


at the same time the resistance of 


the winding of another electromagnet. This happens because ss the range in- 
creases, the angle of sight has also to 4 increased. Consequently, the strength 


of the current in the auxiliary electromag 


must also be increased, so that 


the ***** of the gyroscope may deflect at a larger angle. The angle of lead 
formed by the gyroscope will be decreased as the range of firing increases, 
since the angular velocity of the target idll diminish. It is, therefore, ebvieus 
that the au rwiay velocity at which the aircraft turns will also dscreass, and 


tho axU of th# gyroscope will lag behind! tbs axis of tho aircraft by a smaller 
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1 ITangla while it should be lagging by a greater angle » To compensate Tor the decrease- 

'jin angular target velocity with the increase of the range and to correct the increase 

H in the time of flight of the projectile, the gyroscope mast he allowed greater free- 

5 Jdom. This is necessary to weaken the effect of the electro magnet of the angle of ; 

'Zj lead by weakening the current in the winding. As tie range diminishes, the gunner | 

’ d has to move the diamond shaped pips pf the range finder apart so that the target is j 

framed. Ife uses a handle for this operation. As the disk with irregularly shaped j 

‘l figures moves, the slide of the rheostats also moves. The strength of the currant j 

S I] in the electromagnet of the angle of sight will be. weakened while it *11 be inten- i 

H s jxied in the electromagnet of the angle of lead, dventuOly, the angle of s^ht ' 

““ will becorrB smaller since the eccentric force produced in the disk opposite the 

,.J auxiliary electromagnet will be weakened. At the s a ire time, the =,n£*Ve of lead 

* Zi vd.il diminish as a result of boosting tte magnetic field of the rain electromagnet, j 

Zi Con sequently, the braking effect upon the disk produced by the main electromagnet 

- will increase provided that it is removed somewhat from the center of the disk 

-- causing it to precess at higher speed and follow the turn of the aircraft. 

These are the principles used in the design of an automatic gun-sight mounted 
: • i 

— j on stationary gun installations • 

°Zi The principles upon which autotetio sight-mechanisms on mobile installations , 

"-J are built do not differ greatly from-the above design. We shall, therefore, refrain 

0 ; f 

from discussing them here. 

t— 105. The Pilot's Task in Operating Automatic Sigh t-Mechanism 

Although automatic sight-mechanisms built to make allowance for relative 
■8- target velocity relieve the pilot or gunner entirely from any calculations, the 
“9 basic process of sighting is made soraswhk more difficult. After the pilot; identi| 
^ fies the point of lead with the help of a sight-mechanism that takes into account j 

] 4 _•/ - • 1 

___ the absolute target velocity, he can maneuver the aircraft art raig htwwrd this pafik 




iw 






:f. §ZZ 
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"~lof the pilot's t aJ1 m tha f” ° f 5181111 00 tila tar S ot > The difficult 

' 'the axi f th ^ ^ ^ ^ ^ tra0k1 ^ * not d °"° «i*h tha help of 

3l lhioh i 1 alr0raft tUt ’ * ^ ^ P ^' * th * ^s 

io i^:i r^ss»w? a - - - - — — 

'--i . . P ° lnt 0t al “ a 00 orci i n E to whi* the axis of tte sigtt- 

^wi: a * ustad ■* oniy a hisiay — " - ~ - — - z, 

! 5 th9 gyrOSO °P e Readily on the target while tara ,„„ . , . 

, , ^ " La tiur ^ing nio aircraft. In all 

-.jother respects, the pilot‘d - - 

Hs ho h " 15 radUC9d tG PUrely actions . Here' 

n ~~j ls hoTr he to proceeds f 

. 1 1 - A-P+^v-. ! 

H» ~ " , 

h p — - ”* *-*•* - *- „„ t ;,_ 

■hT*’ *“ — ” “ “ — ». -Mr M . t[ 

■q? * - ™’ *• — - “ — • «. 

r::r:r:r - - ~ - - - - «— 

* - — « - - — r 

i“T’ *- ““ r ~"w- - - -a™ — . „ »„ — «4 

n . m irder; the ads of the gyroscope is most "rigidly" connected with the j 

_pxxs of the aircraft and lags onl^ by a rcLnian* angle. j 

1 !. I 

^ an in. out changing the position of the range finder h* 

-range under, he maneuvers his aircraft 

_so that the central point of ahn coincides with the target. 

I. + 3 * ° 0ntlllUin8 ^ ^ f th ** aircraft and always 

r 8 6 ° antral POint ° f ° n the *** fra “ es tte target by the diamond- | 
paaSLfii^^ bringing. toga ther the images andj; ncloa ing the j 

to « 5 undJta_l B ^«d 5j rf tta *ai 
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I shaped pips . 

> i 

ilj' k ' AXt0r grid 15 steadlly maintained on the target, the pilot opens lire, 

-jand Without letting the target out of the grtd continues to fire until the target 

d ±S d " tr0yed - Xt S09S " 1<ll0ut the number of tourds should not exceed" 

-_j the permissible one, so as not to disorient the guns. 

□ Th0re are the gSn8m P^iplee of design and operation of autonetio sighV 

—^mechanisms in aerial installations contracted to allow for relative target 
velocity, 

— : Noir, v/e shall report on the orv»r'a+.-i ™ n f ... . - 

*■ ~~ muuiT&ea on remote- control 

installations. 


/V 

. gg 










\ v*; t ^ . ; . -; fSg&i \ 
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| Chapter v 

PRINCIPLES OF AiriOhATIC S I QHT- MEG 1 ANIS 1 S 5 IN REHD IE-03 kIBOL ___ 

I N ST ALIA. TI ONS 

| labile gun-installations in aircrafts serve primarily for defense and rarely 
for attacking purposes. For that reason, .mobile gun installations are mounted so 
as to Pave cuxiimim efficiency in case of attacks by pursuit planes . 


,are set up in an aircraft. Decisive, however, are the overall size and the purpose 
..of a given aircraft. 

There is no doubt, for instance, that a mobile gachine-gun installation in 
a light bomber mus t be set up in the upper part of the aircraft to -e nn.it backward. 


sidewise and upward fi ring . It would be useless to set 


in the bottom part. 


since light borfcv 


from bslovr by pursuit 


front + -hat are also 


re low-flying planes 


is no possibility of attack 


5s* Light bombers earn; owerful defense weapons in 


front iron above by pursuit ni 


1 se weapons in case of attacks from below or in 
?s. In the first case, a light bomber may repel 


the attack and go into diving; in the latter, it may begin itching. The flight 
features of a light bomber permit these maneuvers , Consequently , -a light bomber 


deposed to attack from above in the 


uld serve as the 


basis for the choice of the site and the angles for firing from mobile gan— installat-j* 


ifS:-!8§ 

da 

■ 


■'~" H Operating at higher altitudes than a light bomber a dive bomber is, therefore, j 
r *" jexposed from below in the rear. Evidently, the defense system most be installed j 

r “1 | 

^ |so as to permit rear and downward firing. The stationary raa chine-guns and cannons 
tjln this type of aircraft that fire forward, permit defense in the front and in ths j 


"jfi\>ht^rom'^eIow^ Tnrt 3o hoT rmi't resiling attacks" In front from"" above, Hnce 


lalrcr aTt~ wourd"h ave to nose up for this purpose while the propert-ies and wei 


ce 
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| of xvs ooaurs make suck operation anno 54?*. h 1 o , Con sequ entl y, the gun— installan? on 
jjmr’t be r-rb tip Tor forward and u 'ward fire. For protection chains t attacks. . .f 10 ra_.. — 

J 

j above i r ' t-’ roar, a snecial i rv_ tail -1 bi.on is required. We see that to protect a 
i dive bomber tvro mobile ir? tallatLx’s are recess ary: a bottom fxs ta nation for down— 

•. T nv* ' *>j' .1 b?.c v ward fire, and a bnl? turret in*t all at! or* for semi —spherical firoj 
! three installations ray -Iso be net up: or foe bottom to fire backward and downward. 


... on too for upr->rd and b ackrrard fir 


re for forward and upward fire. I 


ii?diur.i and heavy bombers are rot equipped with stationary guns and cafry_ mobile 


id rect'* on . T' e number and. the 


set up of these installations also depend on various factors. 

In. attacks on ground troops and the nearest ereny rear 00 "hers are usually : 


: Tr> ari ed by pursuit planes and carry 


ed. number of -puns • 


bombers on rtsrtons must be equipped with powerful weapons re 


ac ccsrpari e .1 by pu r =n*d t o la res 


at, so that they can repel attacks; 


direction but in several direction 


m not possibly be 


rust somoti'-e a be set up in 


•mn-ins ball ’'t ions und er the t ^ 


service ball bin 


lie mould have to be placed belo 


-.ce or unbr the rings of ar; aircraft! 
ed or the bottom part of the aircraft; 


as to have a roundabout view, this, 


■however, would require an. j ncrease in the over~a.ll size of tbs mobile installations j 
-'[which would, in turn, greatly affect the aerodynamic qualities and, primarily, the 
-- velocity of the aircraft. 

y~ Mobile installations are called "remote-control gun- ins tarnations The 

gunner orients and controls the fire with the help of a system of mechanical drives 
0 as well as with electric and hydraulic gears set up at some distance from the j 


4 [install ation. 


( l j Jjb\> US 6cipual 5x<5 6 & y {j<3 xfi u .uii&y,. jfey. -*-.3. w V 


clas aify w ing ins tallations 


SrnSlMm 
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poor origin al. 


in pursuit pi \nes or 15 ght. bombers as remCt: -control 5 net'. lie irons, sxnce only the 

firing is regulated b y remote control vdiils sitting is done by icarcuvering _tbe ... 

on t;‘ re :? j r craft , , 

Remote-control gun-in «* b n 31. a tion s require the use of regulating tBChanisms in 
sighting by remote— control, of o series of --leebric devices as '.veil as the applicatio 
of a system of automatic blocking and s flailing which complj cates the operation j 


vife have soon that the sighting operation and the directing of the guns is a 
liter s icicle task ’Thick the gunner is able to carry out independently when the 


auxiliary devices to carry out this task. However, as soon as the gunner is removed 
from the installation, the task becomes much -lore complicated: the gunner can no 
longer orient the j^iins at his own discretion and is certainly icable to carry out 


be shall sac no'-’ rhst cakes it so complicated for the gunr.er to carry out the 
operations 'Then he is removed from the gun— installations . *fe shall also discuss 
gcr erally the tasks of s* ghbing with the help of a react e -con tr ol g un-ins t alia ti on . 
He she d i examine how the angles of sight are estimated and how si biting is done 


a llations . In subsequent chapters we shall try to elucidate briefly 


the s e p r oble as . 


106. Peculiaritie s of rating and Adjusting in Re note- Control Gun- Installation 3 

Automatic sight-mechanisms on remote-control gun installations are also based 
on the principle of accounting for relative target velocity. 

We have already noted that the relative angle of lead is measured by the 

| 

product of the relative angular target velocity and time of flight of the project- 
ile t, i,e. 

y r _ S *H. ; 

Cons equently, t he automatic sight-mechanism that solves the above f oraula can 




' 7-1 , ■$$$: q . ‘ • . : ‘ 7 , 


g| j 


Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81 -01 043R0007001 70001-1 





Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81 -01 043R0007001 70001-1 


POOR ORIGINAL 



-jonly operate inasmuch as the relative anghl.ar target velocity is easnred. IF we" 

| pointed the axis of the sight at the target 'nd would maintain the reticle of the 

-i . j * “ 

• I gun-3ight while it moves, the annular velocity at which the gun-si ght turns relative 

j the aircraft -would , of course, precisely equal the relative target velocity. There^l 

-jfore, all v.-e have to do is to determine the angular velocity at rrhich the gun- sight 

j turns relative the aircraft -while the target is tracked by the sight axis, 

---■ At this point, we cannot apply the reticle of thee gun-sight following the 

apparent or actual movement of the target to establish the value of the relative or 

absolute lead as v/e have done in ring-type sight-mechanisms. The angular target 

vel on* tv changes constantly* for that reason, corrections in. the angle of load 

formed by the sight-mechani sm must be made constantly inasmuch as the angular target* 

: velocity- changes. This is the first characteristic of sighting with the help of 

sight-mechanisms in remote-control and, generally, mobile gun- ins tall at! ons i 

throughout the sighting operation and control of the fire the sight axis must 

continuously pointed at the target or, in other words, the reticle in the sight- 

mechanism must be continously maintained on the target. 

Contrary to the automatic • sights in pursuit planes and to the sight-mechanisms 

in ordinary mobile gun— in o ta.lla.ti ond , the angular target velocity is determined 

. ; in the sight-mechanisms of remote-control installations in the form of its com- 

• ; ponents in the horizontal and vertical planes, i.e. the angular velocity of the 

turn of the optical beam near the vertical Axis and the angular velocity at which 

< , ; it turns near its horizontal axis are found separately. This second peculiarity ! 

) 

of sighting with remote-control gun- installations results from the nature of combatj 

" j 

4']~J activities of medium and heavy bombers. Contrary to fighters, light bombers and 


dive bombers they are in level flight in combat missions. That means that during ! 


«“1 


-4 a turn one of the sight axes is always in vertical position and it is , therefore, 

— j 

4 -J -ap propria te and practical the angular target velocity relative this axis and the 


6 perpendi cula r. We refer to this characteristic as a ”ch aract eristic of! 


207 




fp ' j. / 

’ ' '.■'■j: 'i- >■£'£ >•- v-v- ; 



•w , ^ ■■■ 
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j The parallax complicate* the ge-rul coercions to a great extent. We'~ 

_phall see below vrhab the nature of these compile.;.: Lions is . „ 

Contrary to firing operations in a filter, the la; of the projectile has to be ; 
..talcen into account in Urine; from mobile installations. This is the fourth characterj 



ch.ana! sms in re;via-cou trol in:irtaliatior.« 


rtuf ? y novr the general plan of - s* ting vH.tb sight-usch 


or-s or in .mobile 


'■ns in a re-.otejp- 


i 11a bio- - - (FI; • , ?o£ ) . 


-iven i no nent th 


the s ir-h f— riecf ; ann sr.i 


:» r in point t r avail in - 


rinb 0^ while th< 


.poia't 0. The position of the targe b re.i a ! j — fro purine r at every -;iver t - s 

.determined bp the following -rglesj hull aryls of >.he target J , :.e. the lion* aortal 1 
hot rear the axis of tbi -ire raft and the vertical dravc: through th.e tav-ef 
ar.i the axis of the sight- ochar ■ sa; triple of site l , i.e. the vertical --nple 
between the horizontal and a line Joining t’e tar got and bp r-»nge D, i.c. distance 
°l A o fron "i- 5 sight to the target. 

To fom the relative angle of lead -we must find out relative target velocity 
v r . This can be done by adding the velocity vector of the aircraft directed in the 
opposite direction to the vector of absolute target velocity v u . Relative set for- 
ward po’^t A^, will be located along the vector of relative target velocity v r and 
! at a distance from point A 0 equal to the predict of relative borgeb velocity fcqiltipi 
1 lied by the tir.e of flight of the projectile, i.s. 


a’geb velocity kgrltipi 


he “ = v r t * 

If the gun were also located in point Oj and the trajectory of the projectile 
would be rectiangular without descending or lagging the axis of the gun barrel 


must also be aimed at point A*? along line! OxAy in order to hit the target. In 


tA;-; iff 




| S , IA J 
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j ° 1 A ° bhat Joins the taJ 'S 9t by ***X*Lyf In the horizontal and by 


t>s reflected Cr on 1 


f vertical. The ram barrel v.*or.l l than as 


‘1 : ’-- 1 Ti “- n 2 ari the horizontal pi. 


horizontal and by an ( ;le Ay£ in i 
poal tj or r olati ve the a:::" r of the 


To orient the ;ur barrel 


''e denoted; by angles 

j - £+*U. 


ardjS £ 


Correction A r ^ is called mvilnr 


a# 

: g 


k 


re the carspnnerts 


vertical in- 


O ’- .r'.'e target • In our o' 1 ? ? th° n r t . T . af ,! 
" nd ^- er ’ - :!ded t0 -he rle of site *t 


rrle of site JLJL da negative 


oirrt 0^ but has no 


the villa e of p- 


: p. For t’-at reason, the axis of the am 


to point 0 by 


et forward line of cite 0-,A o i.f 


through point a/_, but "ml •’ •-*.• 


r ° r '- :! -'-rclos <f . r ande , r . Th< 


to the Tine of parallax p. Cpnseyuently, 


■nee e-'iual 


tnat t.e yur. be turns 


horizon tail -* 


r tic ally so 


I tor/ard relative set forvard po^nt 

| Without changing anything in the position of the sight ani of the sun, let 

j ns consider so Q9 other factors that affect firing operations nith cobil, installa- 
tdons. 

In firing from mobile installations the projectile lags under «» angle formed 
the L ^irplane, i.e, 1. th ®re 4* an apparent deflection of the trajar.tor4 
-^°^S^_g»_teiX_of_t!2s aircraft. We have already mentioned that the mn-barrel ! 
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the aisles th b definite the pos.l tion of the -tun-barrel relative the r-unrer's 
aircraft and vrith allowance for target velocity and projectile lag would now be 

*■, =* y 

and 

tz = t y . 

But since => £ } we shall obtain 

= y +A. y y *A z y 

ana t 7 ” £+Aj.t • 

><e see th > b r.orrecti nn'tA i< .A nl end A t. m»i «■ t Vi<* «.» •-« -vr-. dW Cor* -hn-rcro -h 
— y r“zl " y ’ ' *■ ' ^ ' 

velocity and projectile lag in the angles of sight 9* and£ and form the angles 
obtained by these corrections with the gun-barrel. : 

The bore axis world have a position parallel to the lie G-A » . After its releaa 
the projectile will pass through point Ay at a distance e qual to the linear value 
of parallax p . 

Under the effect of gravity the projectile falls below idle line of departure 
(Fig. 207). For that reason, it Trill pass below point A at a distance equal to 
projectile fall s if it departed a^-ong line OqA. To allow for the projectile fall 
the bore of the gur. nrust be directed (provided that it is in point Op) along line 
Qp3 while the adjusting point is displaced above point A by the value of projectile, 

fall s or, in other words, the bore of the gun is turndd relative to line 0-^A up- 

ward by angle A s t, without changing hull an gle Cp z • 

Fow, the position of the piece relative the aircraft is defined by angles 
and£ g and angle will equal angle <J> Z » 

Since the piece is in point 0 its axis will be prallel to line 0q3 after angles 
s and £ s ara formed. f 

We shall find angles <p 5 andE s after making correction to allow fcr the fall 
in the earlier obtained angles If % and£ z . | 

We shall obtain ! 


m-m 
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but t z - t + A y * ♦ A t t and £ 


A therefore 

y 


i 


: + 

1 5 , - 5 ♦ * A, 5 , 

We see that finally, after allowing for target velocity, and the lag and fall of 

the projectile, the 
bore of the gun is 






parallel to the line 


on, the projectile 
falling under the 
effect ox gravity at 
a distance BA*=s and 
lagging under the 
action of the actual 
Telocity of the air- 
craft at a distance 
AAyZ will not hit 
relative point of 


Fig. 207 Tb allow for gravity drop, it is necessary to have impact A*., but will 


the bore of the machine gun parallel to line O^B, turning it 

furthermore upward at an angle of A 0 £ . The position of 

6 

— the piece with account of target velocity, lag and gravity 

8 — 

— drop is defined by angles ^ % and £ 8 . 


pass it at a distance 

equal the value of ; 

! 

parallax p. To have 

| 

the projectile hit j 


. relative point of impact the bore of the gun must be pointed to point B by turn- 

_ ing the axis of the bore further from position OC by angles Ap^ and Ap£ 


(Fig. 206) instead of adjusting it to the parallel line 0-B. 


V 
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After this additional burr, the bore of the -ur. would be in position OB, de- 
fined by the flrab ->n s lee of elevation — the relative hull -nfLe of the piece v 0 
-and the relative angle of elevation $ 0 . 

io ngles v Q and © Q correction s JL-tff an'’ Apfc, , known as .angular parallax 

corrections, rrust be ad ed to the earlier for.-ed angles<y G and£ s , in co<if orciity with 
the hull angle of ike t-rgot^ard the angle of site of target t . 

i-otT, t 3 projectile d enarting in direction OB will fall by : ii stare e Bk = s 
ar dr the fleet of ^vity; further- it '.Till lag by di stance AA^ = z and pass 
through re.L.atov'-* point, of ; rr act A y 3 while tne projectile fs in flight, the target 
vd 11 also reach this " oint ■ 

The angles of elevation v Q and 0 O could be established according to 

v o =*? s t 

and e o -E,^p£, 

but we have established that <f s -‘f+AyV 4 , and £ s » t + +As>>, 

therefore, we shall finally Obtain 


j O 3 y ♦ y V ^^2 ^ p I 

I a o fc [ . 

see ' ir order to f ind the relative hull angle of elevation V o3 the 

corresponding corrections in lead |y*, in lag ^vf , and in parallax^ must be 
added to the hull angle of the target/ To find the relative elevation e Q the 
correction in lead A^fc, in the projectile fall A s fc and in parallax has to be 
added to the angle of site of the target. 

Thus, when the sight axis is in position 0^, the bore axis oust be in position 
OB. The piece oust occupy this position as a result of tracking the target with 
the aids of the sight before it approaches point Ao* This hap: era because the 
angular target velocity has to be established to make the correction. However, 
the angular target Velocity can, in turn, be tefi.ned as the angular veloci ty of 
the turn of the sig ht. That means, that the target has to ^ traclced for a certaii 


214 
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jtim by the sight axis so as to establish this angular velocity and to measure it. | 

| ^ >s^ Position OB oT the 

^ — - s ^^ JS — ' y/ 'V bore of the gun cor- 

„ / responds only to the 

/ * i \ moment at which the 

/ S \ 

/ v a i Ay sight axis is in j 

/ & I - position Aj0 o . As [ 

/ ° / \ soon as tracking the 

„ y I r 

V; ^ j £ target with th« ?ighjfc 

~ . — n . axis 13 d °„ e aion " i 

Ao^y# the bore of j 

_ — - — the gun must assume j 

> * other positions 

according to the 


Fig. 208 To allow for parallax, it is necessary in addit- new firing condit- 
ion to turn the bore of the machine gun at an angle of A p ^ ions which change 

in the horizontal plane and A p ? in the vertical, and dir- as the relative ta 


as the relative tar4 


3 cc ^ ^ boint B. The position of the piece with account get movement changes. 

of all factors is defined by angles y o and 0 O . In the process 

of tracking the tar- 

- 1 -— ' get with the sight j 

4 4. i** 1 *’ special mechanisms must allow for corrections A ljr , A z ^r , and A <p to * 

•ibZj the hul1 angle ot the target in accordance with firing conditions and with the nature 
4 si of the tar « et ■ OT « B * nfc - Corrections Ay? ,A Z ? and Ap? to the angle of site of the ta L 
sol gmt aaat al8 ° bo ® ad *- Unless these corrections are signalled to the firing instal-1 
' 2-1 lAtion ' th * P ±ace 18 connected with the sight-mechanism so that its axis always re- 
"> 4 th * regardless of how the sight may turn? the angle i 

5 6 tbc those of the sight-mechanism, i.e7wrrespend~t^ 
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d hUl1 ang1 ' 3 ° f the tlirrtot V and to* ^ angle of the target i* This aj^pllea to~ 

vo may call a rough aiirdjsg of the giins. Signalling the n r^ii ar correction 

_ to allow for lead, lag, fall and the parallax, of the piece tost turn additionally at 
^angles A y <f, & y, and A p <p to the horizontal plane md ter anidea A t f AjR , 

~A p* in tlie vertical piano occupying the position necessary to hit the target. 

Since firing conditions change continuously, these corrections must also be rale con- 

tinously and signalled to the installation. 

Thus, in tracking the target continuously, the gun bore must be always in a 
position to make the released projectile pass through the relative point of 1 c‘ 

The difficulty of the task of sighting is, essentially, the need to compute all j 
necessary corrections. A special mechanism is available to coapute each of these j 

• corrections. It datelines the correction either independently or :\n interaction wlljh 

• other mechanisms in accordance with the firing conditions transmitted to the mechnnii 

signalling it to the fixing installation. ! 

; i 

It is impossible at this point to study ehch of these mechanisms since the 
working principles of the decisive mechanisms exceed the scope of this book, 

We shali ca ‘ rine ourselves to reporting on the general operation of aiming the 
-guns briefly referring to the principles of computing the corrections and signalling 
then to the firing installation. 

7; Thus, the main task of an automatic sight-mechanism in remote- control gun j 
-' installations consists in computing eareefc/ in sighting angles. 
i let us see how this is being done. 


HL07. Hoy to Compute Corrections for Points 


gles of Guns 


Zj T ° 1,6 shall compute the basic corrections for pointing angles to 

Pwport, on the principles of computing corrections, i.e . m shall start uith correc- 


tions for the lead 4 pK a»d 4,,E. . 


SlSns t heaxl. of the V ggf 

riaontaI“5r ve rtica V direction in tracking tfie"^^t while-the“ prVj«ttd 


ll®§ISi 






i: . -/ J‘J .* 


; • • " -z -f I y * ' ' 

| . „ , , *' , ,.V. 
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O ... • • • 

iis in flight. In fact, if a projectile ware released -while the target is at point 
and it hits the target in point it .. ji o1.lcvs that du ring the tint of- -flight, of 

4 :|the projectile, the optical beam that ie directed at the target, has turned by angle 
OoO^ and would also be directed at point A^. at the moment of impact* Angle 
A-oOpAy at which the optical beam of the viewer is turned in the plane of the visible 
! -target movement, is formed by turning It et horizontal angle A y V and vortical angle 
. In both planes, the viewer beam turns with a certain angular velocity. We 
// \ shall denote the angular velocity of the 

turn of the viewer beam by^V in the hori- 
sontal plane andC^in the vertical* Then, 

" lJ ~~ ' the horizontal angle at which the viewer 

beam is turned during the flight of the 
projectile is Aft^yt, and the vertical 

r angle would be expressed byAy£ = ^tt. 

p fl Consequently, to compute the angular 

correction for target velocity, we. must 

Fig. 209. The angular velocities of the know the angular velocity at vhich the 
. verticaL and horizontal rotation of the viewer beam turns in the vertical and hori- 


_ viewer are determined by means of two 


..gyroscopes. 


zontal planes during the time of flight of 
the projectile. 

How can these values be determined? 


_J To determine the ax^ular velocities of the turn of the viewer beam, we use two 

4 4 I 

^gyroscopes contacted with the viewer in the sight-mechanism. One of the gyroscopes 
46_j i 

_k (Fig. 209) is connected with the vertical rod of the viewer and serves to sstaULis 

' 8 ZZkb* angular velocity at which the viewer bent is turned in the horlaontal plena. 

5 °ZW < »oopa II is contacted with the the upper part of the view and serves to de- 

^kexmisn the ang ular velocity of the view, bees in the vertical plane. 

JMh gyrosoopss two degress Sf freedom, their fre mee aay turn «aOy 1 
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plane — either the vertical or the horizontal. The axis of the frame of the lower 
gyroscope is perpendicular to the vertical axis at which the viewer turns; that of 

I 

the upper gyroscope — to the horizontal axis. 



Fig. 210 Diagram of device allowing the determination of 
angular correction on target velocity. 


In stationary! 
viewers the axis ol 
the upper gyroscopf 
is parallel to thai 
of the viewer while 
the axis of the 
lower gyroscope is 
on the same verti- 
cal plane with the 
axis of the viewer 
and perpendicular 
to its vertical 
axis of rotation. 

Pivots that 


are passed through solenoids I — the latter are connected with the viewer — are 
attached to the frames of the gyroscopes along the rotor axes. (Fig.21C). Each 
pivot carries movable contact 2 at its end. This movable contact is enclosed by 
two stationary contacts 3 which are also connected to the viewer. 

For a better understanding of the principle of determining angular velocities 
<. at which the viewer turns, let us examine the action of the lower gyroscope that 
/lH "~is connected with the vertical rod of the sight-mechanism and scales the angular 
- velocity of the turn of the viewer beam la the horizontal plane. 

r n As the viewer turns about the vertical axis, a sight holder on which the 

54 frame of the gyrosco pe is at tach ed turns along with the viewer about the same 


56 


218 
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POOR ORIGINAL . 


•fa know that under the affect of my or*ce 


;V2 i»- •. r.ve or o‘:« oi 


g yro . .s cope t f-, lift _ n -yj r? ■■■ v o gyroscope will jrotate in a Erection perpendicular to the 

i 

direction in which these force acts, "STo ajlso know that the g reater the velocity, 

the greater the acting force . Consequently, in our case' 'here' the^axi'S'-or trha‘ gyros^ 

core will deflect either upward or dor reward depending on the direction in rtiich the 
rotor of the gyroscope revolves . 

As soon as the frame of the gyroscope deflects from its neutral position, one 
of the stationary contacts 3 will close and motor h will ''C ^t into motion. — f 
th* *■ ;.c t closes, the motor revolves in one direction and if it is the lower 

contact, the net or revolves in another direction. 

ffith the help of a screw contact brushes 5 and 6 of potentiometers 7 ahd 8 
are set into notion from the motor shaft; the potentiometers are switched in^o the 


direct current. 


by solenoid I 


through a voltage regulator. The contact brushes are conv.ectec 
e so-called projectile flight tine circuit R^; the resistance 


represents u ,he tiite of fLigli. cf tie projectile 


under given firing condi tdor.z 


Vfnen contac 


brushes S and 6 are in neutral position GF, tlie vn.ndj.ng of --r.e 


solenoid is deenergized si 


the voltage: in points 


ts 0 end F is identical . A brush 


lead in position C-,? 1 -du increase voltage in point Cl sore than in F]_ since tie 

since the resistance to the current from the positive polo -f " * e source of one 

current has increased by an increase in sector DF by value FFq in potentiometer 8 

and decreased in potentiometer 7 by a decrease in sector CB by value GCp. For that 

flowing 

reason, the brush lead in position C-F-, will produce a current/ilong the circuit 
of the solenoid in the direction indicated by arrows on the diagram. If/contact 3 
closes, the motor will revolve in theidpi>©site direction, the brush lead will take 
place to the left and tbs current 1 nt he j solenoid circuit will begin to flaw in the 
reversed direction. The motor continues I to revolve as long as one of contacts 3 


That means 


Manx that with a closed contact 3 the contact brushes will be 

• r “ “ 1 " 1 ; — * — * — — ' ** — — » — — - — . .. . „ 

the potential difference between points and will i»- 
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[crease and an increasingly ifitensp current j will fl 


off along the solenoid wind :t 


current Intensity 'will increase untiljthe magnetic - field of the solenoid- rill 
i.° pen the .°° ntncts ratu2Yljl -"> tlle 1**™* of + f ha gyroscope to neutral position between 


1 the contacts. 


After the contacts are opened the motor will stop, but since the contact 
bmshes trill regain displaced, a current trill corhlmie to ilov aong tie solenoid 
' winding and if the strength with which tU frame of the gyroscope drives to turn 
i not cnange, hhe frame will be maintained in neutral position between t’-e con- 

; tacts. This position trill be achieve ’ if the angular voice? w at tiv'ch t’s v± a '-?*r I 


turns and. con 


Deity remain constant. An 


in the srgu lar target velocity would bring about a greater angular velocity at whidij 
tne viewer tum.s, the gyroscopic moment would increase and the frame would close at l 
ohe same contact, The motor will start -marking again, t}«e contact brushe s trill be ! 
shifted even f artier, -and the intensity of the current in the solenoid circuit tdiaj 


be increased until the contacts 


until the position of the potentiometer! 


slade will not be adjusted 1o the angular target velocity. Should Me angular target 


velocity decrease, 


yroncopic Foment of the gyroscope 


aJ.r.o decrease. 


ivo and close the frame of the gyroscope 


opposite contact, Tns motor will be i parted a reversed r ovolw tt on sb ■$ ftinr the 

contact brushes back, weakening,; the current intensity in the solenoid winding ur 

til the contacts reopen. '.Then the rotation of the viewer stops the brushes are 
. circuit 

s.axted into neutral position and the current in the solenoid / will ' stopfljowii^, 
the frame will be placed into central position. This happens after tie contacts 
are closed under the effect of the excessive iragnetic field. 

In the system discussed here, the Magnetic field of the solenoid always 
balances the gyroscopic moment at the gyroscope; consequently, the position of 


pontentidmeteriJ indic ates “the vaiue~of the- 


velocity. ' 


h'. I 

- m* 


'-ggvg g'g} <£ 

- - . < - • .• •- • .i-.- f- rBa» 


g i > 


MMmmm 


mmmm, - 
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' v ' 


Thus, the \<st",rce of (>e elides from neutral line GF is, atTa certHE~aca'I?7 
-M>0 .angular target velocity in the horizontal plane, 


angular tar- 


The upper gyroscope functions in the sane manner. There, too, the 

jgot velocity in the vertical plane is ebtajired in the fora of the shiftF'of TTS” 

slides cf the potentiometers from the central line. 

We have n<*found the angular target velocities in the vertical and intte hori- 
^_j*ontal Planes. What ue need, however, are not the angular target velocities but the 
— Aguiar corrections for its :i ovenent. 

,*“■ T ° 0bta ~' oopp,ot i° yt«. «st toon hon to determine the ti* of 

fll "h!-, of* tV»s» nnh-iopfilo n ,1 4. ■>. -> j. * . ... | 

2 q_j *' "• u * iC ’ t:? :aiA - '• '-kving a-o oy x-ns round. annular velocities { 

shall determine the corrections. | 

24 1 ^ US assurae thafc w* know hon to estimate the tine of flight of the projectile] 

^H* 9 Sha11 dSn0t9 11 1,1 as fora ° f a triable resistance a x , a sector in the solenoid! 
.’aZ ;CirCUit * 11,18 rssistanoe will be changed proportional to the computed time of flight) 

, ::°f " he P ro ^ scti1 -- Since resistance Rj. i» snitched in the solenoid circuit in ! 

,-gSeries it is obvious that the greater its value, the veaker the current intensity j 
34 Zi bhat fl ° TO in th ® solsr ’°' id winding and the water the magnetic field; the slides of! 
36i: the P° ten tior.eters mould have to be moved farther array to turn the deflected frame | 

-. p ~ , of the gyroscope to its central position. 

4cZ: At deoreased time of flight of the projectile resistance R x Trill also diminish,) 

, 2 ~and the slides of the potentiometers mil be displaced less. Thus, the distance at j 
• ; u 1 * iCh th ® slid9s of ths POtentionmeters are moved from their neutral position, eill j 


..^indicate the angular correction for the target velocity in a certain scale instead S 


J. 


jShoiring the angular target velocity. In fact, the correction for the move rant of 


;he target depends from the time of flight of the projectile and increases along 
With it. In our device the shift of the brushes of the potentionratere increases 
jwith increased resistance That means, that considering resistance in a 


jeertainscale as the time of flight cf the projectile wean, resorting again to the, 

i ■ 

221 


STAT 








^ - - -I,-***-- >■ 
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an appropriate scale, consider the change in the position of the brushes as the 
, angular correction for the velocity of the target movement, 

J Thus, our device automatically determines the angular target velocity comput 

directly the angular correction for the lead after the time of flight of the pro j 


VWVWWV / 

vvvwv 



tile is fed to this da 


Let us examine 


one of the methods th 


serve to establish the 


time of flight of the | 


projectile. 


Fig. 211 Projectile flight time circuit . This system 
of rheostats allows the expression of projectile flight 
time in amperage. 


From the above dl 


sign we have seen thal 
it is most efficient I 


visualize the time of 


flight of the project! 
as a certain resistanl 


1{ ,~ circuit. Let us try to imagine it precisely in this manner. 

— The time of flight of the projectile depends primarily on the range of f irip 
It increases as the range increases. Let us assume that slide 3 of rheostat Ry. i 

o “~ connected with the range finder of the sight-mechanism similar to the range finds 
used in fighters. As the disk with the irregularly shaped slits turns the rheosta 

— slides moves at a distance that is not proportional to the angular move of the di 

46 — 

— but by a few irregular gears the distance Is proportional to the change of the til 

4 8— 

— of flight of the projectile that occurs as the range changes. For that purpose, i 

5 0 — 

— profiles of the pattern gears must be chosen correctly. 

^ o 

— By framing the target while tracking it with the diamond-shaped pips, we cn 

— rheostat res is tan cs R r that will be proportional to the time of flight of the pan 
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-1 J settle at a given range. 

j 

Ihi* rheoetat would suffice to feed the time in the sight-mechanism in the fora 

J of resistance if the time of flight of the projectile did not depend on anything 

! ; 

j else. But the time of flight depends on a' whole series of factors. The quoted bal- 

J listic coefficient c h - c. A , is one of these factors; it depends on the relation 

J 

between the density of the air at the altitude of firing and at sea level since 


The density of the air depends on atmospheric pressure p and temperature T. j 

!W — . That means, that in the final analysis the above ballistic coefficient for a given j 
projectile depends on the atmospheric pressure and the temperature of the air. 

~ Consequently, the sight must include a special device to compute the ballistic co- j 
efficient in accordance with the temperature and pressure signalled to it, showing ; 
the coefficient in the form of a mechanical move. In the projectile flight time j 
circuit this mechanical move Is transmitted to slide 2 and is transformed into j 

rheostat resistance Rc. As the above ballistic coefficient decreases, the time 
of flight of the projectile also decreases. This takes place according to a com- 
, “ plicated law. 

At the same time, the time of flight of the projectile depends on the initial 
- velocity of the projectile, the velocity of the aircraft and the sighting angles 
( V and 9. That means, that a special device must be built into the sight ing-me c han- 
! ism to account for the dependence on the time of flight of the projectile on all 
4 these factors in the fora of some mechanical shift. In the projectile flight time 
46 “ circuit this mechanical shift is transmitted to the slide of rheostat RyO, and 
4 sixths time factor, or rather its dependence upon the above factors, is indicated by 
5 oZJ the rheostat resistance ^9. 

roll The time of flight also depends on the range and height of firing, the velocity 

5 4 „ j of the aircraft and a complex of . other factors , but not on individual factors* — Ha — 
that this dependence is most efficiently expressed bj the formula 
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a - * ( '°r o m 


ma 



i ' ''4 lit lor to ranging angles'! and ^ of range D that are tarornr- thense- foTsmlar 

; Include lag z and. fall s. These two values can also be expressed by formula* that 


fleet their In 


-■im tr.\nz:.i' ts 


on rang-* D, the abov ; halli -tic coefficient cu, the air- 


Por the f nl L ■•/nd !•- 


reject! le the ball?sti< 


circuit v~s correction for 


.71 * t of the nr c’sc ii 1 e . 


■pf a joint ins 


2 (T?-? -r . O-|0 , 5 


Per ml as, the ball" "tic devic 


1 at it? lower extr- 


^rd-rerety of the rod is 


rstmeted in the fete 


’ t ’ • crank U with 


f connect:.!- g red 3. The axis of rotation of the crank (l-l) can turn 
arper- 1‘ cnlrr axr s IX— II. Joint 2 can be roved along rod 1 by screw 



— Fig# 212. B allistic device. This device allows to obtain corrections far pro— 

~ jectile lag and drop in the form of displacements of the lower extremity of rod 1. 

- If the length of crank U were variable and equal to projectile fall s, while the 
lateral: dtepiaeietoant of X relative axis II-II -„o«id al^ b« { »da- W iabie--a f ri- 

•j e<jyal of projectile -and tba-diotanos from W» upper-point- of-— — — - 
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0 


.jsluwgbhonin,: of rod 1 to M e ball 3*'- »i. *, -null ;iloo e^uai at each ^ 1 

poment of the range of firing; the lorrer; extremity of. the- rod Kill jasara..ta a c.9JCr.„_! 
j t?dn poinb 4 a b ' ‘i.?t ar • ce A«*provi led that $rark It is turned at an antfe equal to j 


jt’ue hull angle of the piece V , arid its axes 21 near axis II-II '^“an~angie“equai to] 
-jan-le of elevation 0. If me decomposed this vector AoJ alonr axis II-II on d r~r I 


. J p an di cnl or to it , 


s 1 nil o?) tain 


vector £AeJ "long axis II-II and per- 
AsV - A 0 €. Hns, **d tl s 


ler;rt’.'i of crank J-, - the projectile fall in the form of dis- 


■gulnr turn of ccreu to the device. 


vre shnll obtain the angular corrections for lag and fall by turning crank k near 
aX0S 1-1 and TT “’ r — -t rough angles of poirtingV and b, r:m.ch correspond to an dfc* 



Fig. 213. Parallax rschanism. This de- 

I 

vice makes it possible to obtain correc- j 
tion for parallax in the forn of displace-] 
nents of the lorer extreneity of rod 1, 


:o_J Parallax corrections can be computed in tlie same manner as above. In the 
• 2 . j scherae °f sighting, parallax corrections are expressed by formulas: 


mm 



p cos v sin 0 


SO— The parallax laechanisa (Fig. 213) caip be constructed as a joint installation, 

52 _ tiiat also has rod 1 at its extremity which can turn in joint 2. The upper part, of 
5 4 — - fe h e . ro d iA-fionne. ct£d_j&th _crank J t-hrou^i erank 6 and conrec tlnfe r od k . Crstik h 
^ ^ tud -. ahgut ^ ,& x i ft J OkrlX. and .togathQ r. . Kith . conne cting rod I t and cr ank $ abou t 








B& : v 'W: : * 

i h - hh/' J • 
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" 7 ~ ^he length of crank 3 is constant and in a certain scale equals the paretllaafr - 
! vrhile the distance from the axis of rotation of crank 6 to the ball joint 2 equals 


: the range of firing. 

j i If crank 3 rrere turned now about axis II-H by an angle ohat equals the hull 
■ •' ngle V, and the entire system about axis II-II by an angle that equals elevation 0 
the lo er extremity of 1 'od 1 Trill be displaced by a distance proportional to the 
parallax angular corrections A (y andApfc. 

This will close our very rough report on the principles of automatic computa- 
tion of angular corrections in ranging the guns. We shall study non the necessary 


lie .guns so iiiian x-ne rang 


angles could be for red and the target 


108, Outline of Henr-te-Control Systems of T ran s ru. s si or. 

A number of values mist be transmitted to the decisive mechanisms in the sight 


to compute the corrections allot, in g fo 


angles of ranging the guns. These 




values are either calculated by other devices or transmitted from the mobile units 
of the sight-mechanism. 

These data so:.«times have to be obtained in the form of mechanical linear dis- 
placcments, so:.c times as angles of turn and occasionally as electrical values. 

Vfhen the mechanism that receives one value or another is not fax from the one 
that transmits these values, the process does not involve any difficulties and can 
be carried out by any of the mentioned methods. 

This task is ouch more complicated when it comes to transmittiife a value in the' 
form of a mechanical displacement at considerable distance such as, for instance, 
signalling the angles of range of the pieces computed by the computer to the firing 
— installation. It is just as complicated to transmit the angles at which the viewer 
_ of the sight-mechanism turns to the computer that is usually located at ao me die- 
_ tance from the viewer. The same appLLes tc the transndssibri of t^ rarigsT to" the 
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target. A transmission system composed of shafts and gears would be impractical , | 

as it is too heavy and permits considerable errors to occur in the data that have ie 
be transmitted. For that reason, a so-called remote control system of transmission 
is used. In this system, mechanical displacements for the transmission of data are 
converted into electrical values. Eventually, they are reconverted into mechanical 
values in the receiver. I 

i 

The potentiometer and selsyn remote Control system are the most popular system. 

The potent iometric remote control system consists of two parallelly switched in 
potentiometers with slides that are connected by an amplifier (Fig.214). 

If an electric current were passed through this system, it would derive at 

point A, flowing in circuit 0-1-2-3-0 -l, and circuit 0-l»-2*-3 '-C^. If the angles of j 

9 I 

deflection a and d^ of the potentiometer 

^'Transmitter slides were equal, there would be no cur- j 

Y ^ V < , rent in conductor AB, since in points 2 anc^ 

nr yr r 1 — ! 

the potentials will be equal. 

^ - j C j|~ Let us assume, that the slides of the j 

fig3t===^iir — I I potentiometer transmitter is deviated fur- I 

Amplifier 

, , , motor i ther by angle ft . Then, resistance in 

rl?' I'L 

f Ifffl Q AC -ji|»|»|» I sector 0- 1-2-4 will already exceed the re- 

2- ^ Receiver sistance in sector 0-1 *-2* and heavier cur- 

^Wf^Source of current rent will flow in the receiver circuit that 

in the transmitter circuit. But only part 

; Fig. 214 Diagram of potent iometric re- 

j of the current will pass point 2* reaching 

J mote control system. 

j point V and 0-,. Most of it will flow in 


! Fig. 214 Diagram of potent iometric re- 

1 

j mote control system. 


circuit 2T-B-A-4-3-, since the resistance in sector 4-3 has become weaker than the 
resistance in sector 2*-3 f . 

The current produced in conductor AB is known as the signla. It is intensifie 


with the help of an amplifier and is transmitted to one of the electromagnetic type 





■ ~ 
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> —j le ^ a ' -s 6 ■’ • zor 1% T a otr.r js * rtod :.i cr novi the V *3 of the 

J potent!. or aetric receiver, until it is deflected by the same angle as the s lide of _ 

one potent ome trie tivn suit ter. The current in conductor A3 Trill be cut off as soon 
as the angles at vd\ich the slides turn become equal, the relay r; ill open shutting 
, ,"]°f f tlie Jlotor * As t! - e slide of the potent ‘one trie transmit ter is shifted in tie I 

_ p opposite direction sat off mother relay the Motor tH. 11 Move tire slide of the 

- receiver olso in the reversed direction . •Thus, t>*e n r .rrie a t nig t’.e si? '•=> 

receiver turns, vrf.ll -limys correspond to the angle at vrh/ch the slide of the tran? 
'V.tter turns . 


wmMM: 


. vierrer to the target, the above ballistic coefficient of the projectile and -he 
actual speed of the orm aircraft, can be transmitted to the computer in the 
mechani an . 

The b sic comporonts of the seism remote-cont rol system are the selsyn trsns- 
- aitter and the selsyn receiver. Both are specially constructed, rotors. 

Tne principles of the selsyn remote— 




contra 1 system are as follows: Alternat- 
es current enters the rotor binding of 
the seisin? transit ter. Under the effect 
of the alternating current an alternating 
magnetic field is produced, its direction 
4 215. Diagram of '"firing of rotor and depending on the position of the rotor. 

^- stator vrin dings in selsyn remote-control At ever/ phase of the stator vrinding of 
4 8-J Bystem * the transmitter the alternating magnetic 

5oZ.p- eld dir9ct * the electromagnetic force. The statorn inding of the selsyn trans- ! 
52 — fitter is connected wath the stator n inding of the selsyn receiver. Consequently, 

5 4 t ^ _i _ el s epp roduce d in the selsyn receiver, its directions stridELy 

5 6 _the seloyn transmitter. If the position of the rotor of the 
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( 


: by the angles of sighting at the target, i.e. the angle-off of the target ^ , and 
[the angle of site £ . In other words, at: the initial moment, the piece is adjusted ~ 

in parallel direct- 


Bange D| 


Angie-off 
of target 


5 Angie of Apgie > Computer 
% o Position e e _ 

« o. 


Angular ? 
velocity 


i Given 
i ballistic 
coeffi ci?n 



Angular 


ill II 


To the turret 


Fig. 217 Simplified diagram of operation of the sight of 
a remote-control firing installation. 


ion to the sight 
axis and then it is 
ranged more precise- 
ly by making allow- 


ance for total 


corrections in 


lead, lag, drop and; 


For the sake 


of convenience we 


shall refer to the 


entire complex of 
devices that calcul- 


, ate the corrections for the angles at whieh the piece is adjusted by one definition- 
- A we shall call it the computer. 

c ~” When the computer does not work, the gun-barrel must be maintained in a position 

, parallel to the sight axis while the target is being tracked. For that purpose, the ; 

{ , viewer of the sight-mechanism is connected with the rotors of the selsyn transmitter!* 

i 

t through a system of reduction gears • One of the rotors registers the angles at whicjh 
the viewer turns in the horizontal plane, the others — the vertical angles. The 
• 48 ~ turn of the rotors of the selsyn transmitters makes special motors for the vertical 
5 and horizontal adjustment turn the piece by the same angle as the angle by which the 
co viewer of the sight-mechanism has turned since the sight-mechanism and the piece arc 

54 connected by the selsyn system, the work ef which has been reported a bove . 

55 I Here is ho w the comp uter operates. 
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"1 process takes place continuously-. while the target is being tracked, 

^ '“'p ^ 1S P anrer operation of controlling, tike piece is rather complicated and we 

shall refrain from duelling on H. 

b ! lJ ; 

,3 Thus > the task of adjusting the gun si according to the ^ basic "data is 'solved 

, ~j hy an extremely complex system of devices and mechanisms which we have discos sed ini 


general toi-.. is , Ik:’ 


even sucn ratner supa rf icial study ..lakes it possible 


all the tht 


•ore hi cal and technical difficulties of this task. Despite tie enormous 


complexity of the 


iJ: -- remote -control firing the garner’s ope ration is reduced 


to oechan: cal work — tracking the target and fr 


antond-snapec paps; 


. i0 '“ ° r the ran S e finder. The gunner's task- does not differ from the pilot's task in 
0o -iring with an automatic gun-sight. The only difference lies in the fact that 
; sighting is done by the gunner in turning the viewer of the sight-mechanism by 
! hand while the pilot has to maneuver the entire aircraft. 

3 jj- Q « 3 rief Outline of the Si;-yd.ficancfe of Remote-Control Filing Installations 
i ^he fact, that toe gunner does not directly operate the guns leads to con— 

3 sidera hle complications in regard to the ,ingta£Lation and the sight-mechanism. 

_j ©ntails the introduction of a series of mechanisms, electric devices, power 

3 6 Z ! . 

i P^ts am various remote- control gears and systems. The great number of devices 

3 8 — | 

_j ° r ™ 1 - c h each plays an important role in sighting or adjusting the guns requires 

4 0 | 

i special care so as to keep the whole system working. 

42 I the 

But despite the complexity end/relative htffi cost of the remote-control 

4 4_ J 

firing installations, they are, undoubtedly, very promising and have exerted a 

46 — 

great influence on the development of heavy airplane construction. 

48-J 

__ cannot imagine a modem airplane that travels at high altitudes without 

50— j j- 

— pressurized cabins. This fact alone reqjuires that the gunner be removed from 

52— 1 

— the guns since the firing installations cannot possibly be set up in pressurized 


After the task of operating remote-control installations^ 
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Im possibility arose of plac ing corfortably in a portion *o» » 

liia-jjould sea best. „ — , ^ * ™**»**~^ 
Lither the gunner nor tie sight-mechanisf are affected by shoCs, no^of "**~s 

j or firing. The defense ability of aircrafts i. g~atly increSid* siting 
d installations into one system that can he; operated h y two or even three gunnere at 

H different locations . 

j Fire effectiveness is greatly increased by a thorough theoretical and technical 

j study of the problem of adjustments in accordance w? th correcc.ons «nd by 
^th which the computing devices work, 

-i _ ___ _ «^ rt rv+. r»n the practical aspects of aerial gunnery, 

inis mu UJ.030 - -r - 

H CONCLUSION 

5 Modem s cience and technology develop rapidly and advance constantly. 

J The high speed and altitudes at which modem airplanes operate, affect the 

methods and technics of aerial combat rearing constant Reduction of more 
precise data into the theory of aeri^O. gunner, and calling for continuous IT— 
aants in sighting-nochmisms, guns and firing — — ^ 

discussed in this boo, are not fully up to-date. » have reported on them by W 
of illustrating how to solve problems of aerial gunnery in different cases. 

However, it dees not mean that the problems ta,en up in this boo, have become 

0-4 obsolete and that it would be superfluous to study them. 

* . and of tlie basic operations of 

We believe that a study of aerial gunnery and o. 

.-L nm -t-i -r «s-ir«nlifv the task of following 
4 t-j sighting presented in a popular form, will gre f ~v*P 

46 — serious courses in aerial gunnery. 

The author feels that he has achieved his goal, if thin boo, helped so® of 

tbe readers to understand the practical ejects of the complex phenomena that are 

] a part of aerial gunnery. j ^ 
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